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[BACKGROUND OF THE INVENTION] 

Field o£ the .invention 
5 The prccont invention relates to ink compositions 

possessing excellent good stability. More particularly, 
the present invention relates to ink compositions for 
nsfi in ink jp.t. recording printers. 
Background Art 

10 Ink jet recording is a method wherein ink is 

ejected as droplets through fine nozzles to record 
letters or figures onto the surface of recording media, 
ink jet recording systems which have been developed and 
put to practical use include* a method wherein an 

15 electric signal is converted to a mechanical signal 
using an clectrostrictive clement to intermittently 
ejeer. ink reservoired in a nosjzle head section, thereby 
recording letters or symbols on the surface of a 
recording metfi\ua; and a method wherein ink, reservoired 

20 in <x uuzzle head tsyvLiuu, ia its puiliuu very close Lu 
the ejection portion is rapidly heated to create a 
bubble and the ink is intermittently ejected by volume 
expansion created by the bubble to record letters or 
symbols on Uie suxlace or a recording medium, 

25 Various properties are required of inks used in the 

above ink jet recording, tfor instance, the good drying 
property of the print, no feathering in prints, uniform 
printing on the surtace ot various recording media* and, 
in the case of multi-color printing , no color- to-color 

30 intermixing are requir«d, 

Studies have hitherto been made on the addition of 
an ingredient, which accelerates the penetration of an 
ink composition into the record, to the ink composition 
to fast dry the ink: composition on recording paper or to 
35 prevent mixing of adjacent different color inks. 

For example, Japanccc Patent ^aid-Open No. 

14260/1990 describes the use or lower alcohols as an 
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ingredient for accelerating the penetration of ink. 

Japanese Patent Laid-Open No. bbyvb/1982 describes 
that the addition of a surfactant to an ink composition 
lowers the surface tension of ink and can improve the 
penetration of ink. 

Japanese patmvt T.Aid-Opftn No. 157698/1995 describes 
ct l,2-<ilk<uiediol as a penetrating agent. However, all 
inks, which are specifically disclosed in this 
publication, contain a dye ad d colorant. 
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[SUMMARY OF THE INVENTION J 
The present inventors have now found that the 
combination of a glycol tnonoether and a 1 ,2-alkanedioi 
in a specific range of a ratio of the glycol monoether 
O 15 to the l r 2-alkanedinl in an ink composition can Impart 

excellent ejection stability to the ink composition. 

Further, the present inventors have found that the 
addition of a 1,2-alkanediol in a specific concentration 
to an ink composition with a pigment dispersed therein 
jy 20 with the aid of a dispersant can realize stable ejection 

p of ink. The present inventors have further found that 

the 1.2-alkanediol, when added even in a x.ela Lively 
small amount, can impart excellent penetration to the 
ink composition. Furthermore, the present inventors have 
25 found that the use of a specific diapers ant for 
dispersing fch« pigment can Improve the level ot 
suppression of ink bleeding and the level of fast drying. 

The present invention has been made based on these 
finding . 

30 Accordingly, it ic an object of the present 

invention to provide an ink composition which, when used 
in an ink jet recording; apparatus, exhibits excellent 
propertxes, especially exhibits excellent ink ejection 

stability. 

35 According t.n a -first aspect of the present 

invention, there is provided an ink composition 

comprising at l.p.ast a colorant, a hmnectant, a glycol 
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monoether, a 1,2-alkanediol, and water, the weight ratio 
of the glycol monoether to the 1,2-alkanediol being in 
the range of 1^5 to 5:1. 

Accordinq to a preferred embodiment of the present 
5 invention, the colorant is a dye or a pigment - 

According to a second aspect of the present 
invention , there is provided an ink composition 
comprising at least a pigment, a dispersant for 
dispersing the pigment r a 1,2-alkanediol, and water as a 
10 main solvent, the content of the 1,2-aikanediol being 
0.5 to 10% by weight baaed on the total amount of the 
ink composition - 

* According to a third aspect of the present 
? invention, there is provided an ink composition 
3 15 comprising at least a pigment, a dispersauL for 
3 dispersing the pigment, a l f 2-allcanediol, and water as a 

main solvent, the dispei,$auL being a block polymer resin 
*t having an aoid value of 70 to 200. 

According to a preferred embodiment of the present 

* 20 invention, the ink composition further comprises a 
3 nonionic surfactant. 

4 

3 [DETAILED DESCRIPTION OF THE INVENTION] 

ink cpiupogitiona 

25 Th« Ink compoKi tions according to the present 

invention may be used in recording methods using ink 
compositions. Recording methods using ink compositions 
include, for example, an ink jet recording method, a 
recording method using writing utensils, such as pens, 

30 and other various recording methods* preferably, the ink 
compositions according to the present invention arc used 
in an ink 3et recording method. More prererably, the ink 
compositions according to the present invention is used 
in an ink jet recording method using an ink jet head 

35 which forms ink dropleLs through mechanical deformation 
of an electros trictive element. 
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Tnfc composition accord Yng to Tir st aspect ot present 

invent ion 

The ink composition according to the first aspect 
of the present invention comprises at least a colorant , 
5 a humect ant, a glycol monoether, a 1,2-alkanediol, and 
water, in the first aspect of the present invention r the 
glycol monoether and the 1,2-alkanediol are considered 
to mainly function as a penetrating agent* 

The ink composition according to the first aspect 

10 of the present invention contains the 1,7-alkanedlol and 
the glycol mono et hear in combination. The combination of 
the glycol monoether and the l r 2-alkanediol can impart 
the same level of penetration to the ink composition by 
the addition of the 1 , 2-alkanediol in a smaller amount 

lb as compared with the use of the i r 2-alkanedioi alone. 
This can relatively reduce the amount of the 1,2- 
alkanediol added to the ink composition and thus permits 
more ingredients other than tho l f 2-alkanediol to be 
added. This is in its turn advantageous from the 

20 viewpoint of ink design or improvement. Further, the ink 
composition according to the present Invention has 
excellent ejection stability. Without intending to be 
bound by theory r the reason is believed to reside in 
that the wettability of ejection nozzles by the ink 

25 composition can be rendered proper. As demonstrated in 
workinq examples below, the ink composition according tu 
the present invention does not cause the deposition of 
ink onto a portion around the nozzles, it is considered 
that this can effectively prevent: the occurrence of an 

30 ink droplets trajectory directionality problem- 

In the ink composition according to the first 
aspect of the present invention, the glycol monoether 
<iud lUb l,2-alk«mtidiol should be present in a weight 
ratio ot the glycol monoether to the 1 , k^nedi ol in 

35 the ranqe of 1 : 5 to 5 : 1, preferably in the range of 
1 t 2 to 2 i 1. The weight ratio falling within the 
above range is advantageous from the viewpoint of 
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reducing the amount of the 1 ,2-alkanediol added while 
maintaining the excellent ejection stability. 
Glycol monoether 

In the present invention, the glycol monoether is 
5 selected from monoether compounds of glycols, each aa 
mono- or polyethylene glycol and mono- or polypropylene 
glycol, and is preferably selected from compounds 
represented by formula (i)? 

(i) 

10 wherein 

* R represents an alfcyl group having 1 to 6 caibuu 
atoms t a phenyl group, or a benzyl group, preferably a 
methyl , ethyls propyl , or butyl group? 

x is 1 to 3, preferably 2 or 3; and 
15 y is I to 8 r preferably 1 to 5, more preferably 1 

LO 3* 

Specific examples of glycol monoethers include 
ethylene glycol uiuuomesLhyl eLhex, ethylene glycol 
monoethyl ether, ethylene glycol mnnnhutyl ether, 

20 diethylene qlycol mouomethyl ether, methylene glycol 
monoethyl ether, diethylene glycol mono-n-propyl ether, 
ethylene glycol mono-ieo-propyl ether, diethylene glycol 
mono-ico-propyl ether, ethylene glycol mono-n-butyl 
ether, ethylene glycol mono-t-butyl ether, diethylene 

25 glycol mono-n-butyl ether, tricthylcne glycol monomethyl 
ether, triethylene glycol monoethyl ether, triernyiene 
glycol mono-n-butyl other/ diothylono glycol mono-t- 
hntyl ether, 1 -methyl -1 -met ho*y hut ano I , propylene glycol 
monomethyl ether, propylene glycol monoethyl ether/ 

30 propylene glycol mono-t-butyl ether, propylene glyeol 
mono-n-propyl ether, propylene glycol mono-iso-propyl 
ether r propylene glycol mono-n-butyl ether, dipropylene 
glycol mono-n-butyl ether, dipropylene glycol monomethyl 

ether, dipropylene glycol monoethyl ether, dipropylene 
3b glycol mono-n-propyl etner, and dipropylene glycol mono- 
iao-propyl ether. 

Tn the present invention, among the above glycol 
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monoethers, ethylene glycol mono-n-butyl other, 
diethyl ene glycol mono-n-butyl ether, triethylene glycol 
mono-n-butyl ether , propylene glycol monobutyl ether, or 
dipropylene glycol monobutyl ether has high 
5 compatibility with the 1 ,2-alkanediol and hence io 
preferred. 

In the present invention, the content of the glycol 
monoether is preferably in the range of 0*25 to 10% by 
weight, more preferably in the range of 0.5 Lu 5% by 
10 weight, based on the total amount of the ink composition- 
When the glycol monoether content is not less than 0.25% 
by weight , the glycol monoether in combination with the 
1,2-alkanediol can provide satisfactory penetration. 
When the glycol monoether content is less than 10% by 
15 weight, the glycol monoether in combination witn other 
additives can advantageously facilitate the regulation 
of the viscosity of ink to a value suitable for printing. 
I rZ-MKanediol 

In the first aspect of the present invention, thft 
20 1 , 2-dlX.cmediul preferably has 4 Lo 10 carbon atoms, two 
or more types of 1 f 2-alkanediols may be added as a 
mix Lure* 

According to a preferred embodiment of the present 
invention, the 1,2-alkanediol is selected from the group 
25 consisting of 1 ,2 -but anediol, 1 ,2-pcnt anediol, 1,2- 
nexanedioi , l , 2~hept anediol , l , 2-octanediol , and 
mixtures of these alkancdiols. More preferably , the 1,2- 
alkanediol has 6 to a carbon atoms, that is, is 1,2- 
hexanediol, 1 ,2-hept anediol, or 1,2-oct anediol. These 
30 alkanediols advantageously have excellent penetration 
into recordinq media. 

According to a more preferred embodiment of the 
present: invention, xhe 1,2-alkanediol is 1 ,2 -hexanediol . 

The ink composition according to the present 
3b invention preferably contains the 1,2-alkanediol in an 
amount of 0*5 to 10% by weight, more preferably 1 to 5% 
by weight, based on the total amount o£ the ink 
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composition. When the 1 , 2-alkanediol eontant is not less 
than by weight, satisfactory penetration can be 

provided* When the 1, 2-alkanediol content is not more 
than 10% by weight, the 1,2-alkanediol in combination 
5 with other additives can advantageously facilitate the 
regulation ot the viscosity of ink to a value suitable 
for printing • 

According to a preferred embodiment of the present 
invention, the combination of the glycol munoetbei with 
10 the 1,2-alkancdiol is ouch that the glycol monoether is 
glycol monobutyl ether and the 1,2-alkanediol is 1,2- 
hexanediol. in this case, the amount of the 1/2- 
lZ alkanediol added is preferably less than 2-5% by weight. 

f._E 

f3 The addition of the 1,2-alkancdiol in thic amount can 

£3 is nnsnre RatiRfantory penetration ot the ink composition 

and, in addition, can realise highly stable printing* 
*j Here the glycol monobutyl ether refers to a 

P compound represented by loxmula (x) wherein R represents 

. a butyl group, x is 2 or 3, and y is 1 to 3. Specific 

f'y 20 examples of glycol monobuLyl ethers include ethylene 

O glycol monobutyl ether, diethylene glycol monobutyl 

'Ji ether, LrleUiyleue glycol monobuLyl ether, propylene 

\ t& glycol monobutyl ether r and dipropylene glycol monobutyl 

ether. 

25 Colorant 

Tn the present invention , the colorant is one 
which can be dissolved or dispereed in an ink 
composition and, wh«=*n the ink nnmpoRitirm ie printed by 
means of an ink jet recording apparatus , can yield a 

30 print of a large number of colors on a recording medium. 

In the ink composition accordinq to the present 
invention, the colorant can be properly selected from 
dyes and pigments. If necessary,, the dye and the pigment 
may be used in proper combination* 

35 Tn the present invention. the colorant is 

preferably a color material/ which can be dissolved or 
dispersed in an aqueous medium, such as an organic dye 
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or pigment. Organic dyes or pigments have higti color 
density per weight and exhibit vivid color and thus are 
suitable for use in infcs. 

Dye 

5 According to the praKAnt Invention, the dye is not 

particularly limited. For example, various dyes commonly 
used in inlc jet recording, such as rtir^rr. riyfts, actd 
dyes f foodstuff dyes, basic dyes, reactive dyes, 
disperse dyes, vat dyes, and soluble vat dyes, may be 
10 advantageously used as the dye. 

Specific examples of dyoe usable in the present 
invention are as follows. 

Specific examples of yellow dyec include i CI. 
ACid Yellow 1, 3, 11, 17, 19/ 23, 25, 29, 36, 38, 40, 42, 
n 15 44, 49, 59, 61, 70, 72, 75, 76, 78, 79, 98, 99, 110, 111, 

ij 127, 131, 135, 142, 162, 164, and 16b; c.I. Direct 

□ Yellow 1, 8, 11, 12, 24, 26, 27, 33, 39, 44, 50, 58, 85, 

86, 87, 88, 89, 98, 110, 132, 142, and 144? CI. 
r Reactive yellow 1, 2, 3, 4, 6, 7, 11, 12, 13, 14, 15, 16, 

j;* 20 17, 18, 22, 23, 24, 25, 26, 27, 37, and 42? and C.I- 

1% rood yellow 3 and 4. 

Vj Specific examples of magenta dyes include: C.I. 

P ACid RBd 1, 6, 8, 9, 13, 14, 18, 26, 27, 32, 35, 37, 42, 

51, 52, 57, 75, 77, 80, 82, 85, 87, 88, 89, 92, 94, 97, 
25 106, 111, 114, 115, 117, 118, 119, 129, 130, 131, 133, 
134, 138, 143, 145, 154, 155, 158, 168, 180, 183, 184, 
18b, 194, 198, 209, 211, 21b, 219, 249, 252, 254, 262, 
265, 274, 282, 289, 303, 317, 320, 321, and 322 ? C.I. 
Direct Red 1, 2, 4, 9, 11, 1^, 17, 70, 23, 24, 2R, 31, 
30 33, 37, 39, 44, 46, 62, 63, 75, 79, 80, 81, 83, 84, 89, 
95, 99, 113, 197, 201, 21B, 220, 224, 225, 226, 227, 228, 
229, 230, and 231; C.X. Reactive Red 1, 2, 3, 4, 5, 6, 7, 

8, 11, 12, 13, 15, 16, 17, 19, 20, 21, 22, 23, 24, 28, 
29, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 

35 45, 46, 49, 50, 50, 59, 63, and 64? and C.I. Pood Ued 7, 

9, and 14. 

Specific examples of cyan dyes includes C.I. Acid 
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Blue l r 7, 9 r 15, 22, 23/ 25, 27, 29, 40, 41, 43, 45, 54, 
59, 60, 62, 72, 74, 78, 80, H2, 83, 90, 92, 93, 100, 102, 
103, 104, 112, 113, 117, 120, 126, 127, 129, 130, 131. 
138, 140, 142, 143, 151, ISA, 158, 161, 166, 167, 168, 
5 170, 171, 182, 183, 184, 187, 192, 199, 203, 204, ?G5, 
229, 234, 236, and 249; C.I- Direct Blue 1, 2, G, 15, 22, 
25, 41, 71, 76, 77, 78, 80, 86, K7, 90, 98, 106, 108, 
120, 123, 158, 160, 163, 165, 168, 192, 193, 194, 195, 
196, 199, 200, 201, 202, 203, 207, ?25, 226, 236, 237 f 
10 246, 248, and 249; C.I* Reactive Blue 1, 2, 3, 4, 5, 7, 
8, 9, 13, 14, 15, 17 r 18, 19, 20, 21, 25, 26, 27, 28, 29, 
31, 32, 33, 34, 37, 38, 39, 40, 41, 43, 44, and 46* and 
C.I- Food Blue 1 and 2. 
p Specific examples of black dyes include t C.I. Acid 

:2 15 Black 1, 2, 7, 24, 26, 29, 31, 48, 50, 51, 52, 50, 60, 

l3 62, 63, 64, 67, 72, 76, 77, 94, 107, 108, 109, 110, 112, 

£3 115, 118, 119, 121, 122, 131, 132, 139, 140, 155, 156, 

157, 158, 159, and 191; c.i. Direct Black 17, 19, 22, 32, 
38 f 51, 56, 62, 71, 74, 75, 77, 94, 105, 106, 107, 108, 
20 112, 113, 117, 118, 132, 133, 146, 154, and 168; CI. 
Reactive Black 1, 3, 4, 5, 6, B, 9, 10, 12, 13, 14, and 
IB; and C.I. Food Black 2. 

In the present invention, when a dye is used as 
"Che coiorant, the amount of the dye added to the ink 
25 composition is preferably 0.5 to 15% by weight, more 
preferably 0.7 to 10% by weight. When the dye content is 
not less than 0.5* by weight, rhe use of the ink 
composition in an ink jet recording apparatus can 
provide minimum necessary print density. Further, when 
30 the dye content is not more than 15* by weight, the dye 
in combination with other additives can advantageously 
facilitate the regulation of the viscosity ol ink to a 
value suitable for printing. 
Pigment 

35 In the ink composition according to the first 

aspect of the present invention, the colorant ie a 
pigment. The pigment is used in the state of dispersion 
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in an alkaline solvent. This "type of dispersion is, for 
example, a dispersion produced by dispersing and 
{Stabilizing a material classified as a pigment according 
to the color index in a solvent with the aid of a 
dispersant in an alkaline pB region, or a dispersion 
produced by subjecting a pigment to treatment for 
imparting a functional group to the surface of the 
pigment and dispersing the treated pigment in an 
alkaline solvent* 

According to a preferred embodiment of the present 
invention, the piginenL is dispersible with the aid of a 
dispersaht. In this case, any pigment may be used so for 
as the pigment is dispersible in an ink composition with 
the aid of a dispersant. Further, in this case, the ink 
15 composition preferably contain* a dispereant for 
dispersing the pigment , 

Pigments usable in the present invention may be 
thoco which, when recorded on recording media, develop 
any color* inorganic pigments or organic pigments may be 
20 used. Further, a mixture of inorganic and otqemic 
pigments may be used as the pigment, 
p Inorganic pigments include, in addition to 

§ : i titanium oxide and iron oxide, carbon blacks produced by 

known processes, such as contact, furnace, and thermal 
2S processes. 

Oxqeuiic pigments usable beiein includes azo 
pigments including azo lake pigment© , insoluble azo 
pigments, condensed azo pigments, and chelate azo 
pigments | polycyclic pigments. for example, 
30 phtnalocyanine pigments, perylene pigments, perinone 
pigments, anthraquinone piqments, guinacridone pigments, 
dioxaxine pigments, thioindigo pigments, isoindolinonc 
pigmejiLw, and quinophthalone pigments; dye-type chelate 
pigments, for example, basic dye-type chelate pigments 
35 and acid dye-type chelate pigments? nitro pigments; 
nitroso pigments; and aniline black;. 

Specific examples of pigments usable in the 
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present, invention are as follows - 

Specific examples of color pigments usable in the 
present invention includes C.T. Pigment Yellov 1, 2, 3 r 
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 14C, 15. 16. 17, 
5 24, 34, 3b, 37, 42, S3, 55, 65, 73, 74, 75, 81, 83, 93, 
95, 97, 98, 100, 101, 104, 108, 109, 110, 114, 117, 120, 
128, 124, 138, 150, 151. 153, 154, and 180; and 

C.I. Piqiuent Red 1, 2, 3, 4, 5, 6, 7, 8, <*, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 21, 22, 23, 30, 31, 32, 
10 37, 38, 39, 40, 48(Ca), 48(Mn), 48 s 2, 48 : 3, 48 5 4, 
49, 49 * 1, 50, 51, 52, 52 s 2, 53 z 1, 53, 55, 57<Ca), 
57 ; 1, 60, 60 ; 1 , 63 t 1, 63 z 2, 64, 64 i 1, 81, 83, 
^ 87, 89, 89, 90, 101 (iron oxide red), 104, 105, 106, 108 

□ (cadmium red) , 112, 114, 122 (quinacridone magenta) , 123, 

P 15 146, 149, 163, 166, 168, 170, 172, 177, 178, 179, 184, 

[J 185, 190, 193, 202, 209, and 219. 

£5 Farther examples of color pigments include r C.T- 

Pigment Blue 1, 2, 3. 15, 15 t 1, 15 a 2, 15 « 3 , 15 s 
34, 16, 17 z 1, 22, 25, 56, and 60; C.J.- Vat Blue 4, 60, 
I* 20 and 63; CI- Pigment Orange 5 f 13, 16, 17, 36, 43, and 

51; C .1 . Pigment Green 1, 4, 7, 8. 10, iv, 18, and 36? 
Cj and C.I- Pigment Violet 1 (r hod ami no lake), 3, 5 x 1, 16, 

f 3 19 (quinacridone red), 23, and 38* Further, for example. 
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pre dispersed pigments, such as grafted carbons, produced 
25 by rrearing the surface rvf pigments, for example, with 
rccin may also be used. 

Black pigments usable in the present: invention 
include, for example, carbon blacks and c.r. Pigment 
Black 1- Specific examples of carbon blacks includes 
30 carbon blacks manufactured by Mitsubishi chemical 
Corporation, for example. No. 2300, No. 900, MCP 08, 
WO. 33, NO. 40, NO. 45, NO* 52, MA 7, MA. 8, Mft. 100, 
and No. 220 0 B } carbon blacks manufactured by Columbian 
Carbon Co., Z.td*» tor example, Raven 5750, Raven 5250, 
35 Raven 5000, Raven 3500, Raven 1255, and Raven 700; 
carbon blacks manufactured by Cabot Corporation, for 
example, Regal 400 R, Regal 330 R, Regal 660 R, Moqul is, 
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Monarch 7 00, Monarch 000, Monarch 880 r Monarch 900 f 
Monarch 1000 r Monarch 1100, Monarch 1300 , and Monarch 
1400 1 and carbuu blacks manufactured by Degussa, for 
example. Color Black FW 1, Color Black fw 2 , Color Bl<aefc 
5 FW 2 V, Color Black FW 18/ Color Black rw 200, color 
Black S 150, Color Black S 160, Color Black £ 170, 
Prints* 35 , Printex u, printex V, Printex 140 u r special 
Black G, Special Black 5, Special Dlack 4 A, and Special 
Black 4. 

10 A single type of piqiuerit uiay be selected from the 

above groups of pigments, or alternatively, a plurality 
of types of pigments may be selected from the above 
groups of pigments and used in combination. 
Plaptsraant 

15 In the first aspect of the present invention, the 

piqment is preferably disperslble In an ink composition 
O with the aid of a diopcrsant for dispersing the pigment. 

A According to a more preferred embodiment of the 

present invention, the pigment is added 9 to the ink 

I;* 20 composition, as a pigment dispersion prepared by 

I'll 

1 5 dispersing the pigment in an aqueous medium with the aid 

of a dispersant. 

Pref erred dispersants usable for the preparation 
ot t.Tm pigment dispersion include conventional 
25 surfactants, dispersants commonly used in the 
preparation of pigment dispersions, for example, 
polymeric dispersants. It would be apparent to a person 
having ordinary skill in the art that the dispersant 
contained in the pigment dispersion would function also 
30 as a surfactant for the ink composition* 

More preferred d 1 fipersants include polymeric 
dispersants, particularly resin dispexsazits. 

Examples of preferred polymeric dispereanfce inoludc 
ucttuidlly occurring polymeric compounds, and specific 
35 examples thereof include i proteins, such as glue, 
qelatin, casein, and albumin; naturally occurring; 
rubbers, such as gum arable and tragacanthj glucosidcs, 
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sncTi afi saponin; alginic acid and alginic acid 
derivatives, SUCH as propylene glycol alginate, 
triethanolamine alginate , and ammonium alginate; and 
cellulose derivatives, such a« methylcellulose, 
5 oarboxymethyleellulose, hydroxyethylcellulose, and 
etnylhydroxyeelluiose . 

Examples of additional prelected polymeric 
dispersants Include synthetic polymers, and examples 
thereof include; polyvinyl alcohols; polyvinyl 
10 pyrrnlidones; acrylic resins, such as polyacrylic acid, 
aorylic acid/acrylonitrile copolymer, salt of acrylic 
acid/acrylonitrile copolymer, vinyl acetate/acrylic 
ester copolymer, and acrylic acid/acrylic Mfcer 
H copolymer; otyrcnc/ocryl resins, such as sty rene /acrylic 

\i 15 acid copolymer, styrene/mAthacrylic acid copolymer, 

k2 otyrcnc/mcthacrylic acid/acrylic ester copolymer, 

s tyrene/a-methy Is ty rene /acrylic acid copolymer, and 
styrene/a-methylstyrene/acrylic acid/acrylic ester 
nopolymer; styrene/maleic acid copolymer; styrene/maleic 
J* 20 anhydride copolymer; isobutylene-maleic acid resin; 

rosin-modified maleic aoid rccin; 

vinylnaphthalene/acxylic acid copolymer; 

vinylnaphthalene/maleic acid copolymer; vinyl acetate 
copolymers, such as vinyl acetate/ethylene copolymer ? 
25 vinyl acetate/fatty acid vinylethylcnc copolymer, vinyl 
acetate/maleic ester copolymer, vinyl acetate/crotonin 
acid copolymer, and vinyl acetate /acrylic acid 
copolymer; and salts of the above polymers. 

Among them, sty rene/ aery lie acid copolymer, 
30 styrene/methacrylie acid copolymer, acrylic acid/acrylic 
ester copolymer, and styxeue/maleic anhydride copolymer 
are preferred as the diapers ant. 

According to a more preferred embodiment o± the 
present invention, the diepcroant is a block copolymer 
35 resin produced by block copolymer! nation «nd has an acid 
value of 70 to 200, still more preferably 100 to 200. 
The acid value may be regulated by ael acting a suitable 
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monomer© as the monomer to be capolymerlzed . 

Here -the aoid value refers to the number of 
mill iq rams of potassium hydroxide necessary for 
neutralizing free fatty acids contained in one qram of 
5 rhe block copolymer resin - 

The selection ol this type of dispersant is 
advantageous in that the bleeding of the ink composition 
At the time of printing can be prevented and, in 
addition, fast drying properties of ' the ink can be 
10 improved * 

According to a further preferred embodiment of the 
presenr invention, r.he dispersant is preferably one 
l & described in Japanese Patent Laid-open NO. 269418/1999. 

P Specifically, a «nitable dispersant is a block copolymer 

);| 15 represented by AB, aba, or ABC. In this context, a is a 

hyrirophilic block, B is a hydrophobic block, and 
contains at least 30% by weight of an non-acrylic 
monomer selected from the group consisting of the 
following monomers (1) tu (4) based on the weight of the 
20 B, and C may be any desired block. 

(1) ChV=CH-R 

wherein R represents a C 6 - C 20 substituted or 
P unsubstituted allcyl, aryl, aralkyl, or alkaryl group. 

Here the substituted alkyl, aryl/ aralkyl, or alkaryl 
25 group refers to an alkyl, aryl, aralkyl, or alkaryl 
group containing one or two or more substituenLs, which 
do not hinder the polymerization process, including, for 
example r hydroxy, amino f ester, acid, acyloxy, amide, 
nitrile, halogen, haloalkyl, or alkoxy- Specific 
30 examples thereof include styrene, e-methylstyrene, 
vinylnaphthalene, viny lcyolohexane r vinyl toluene , 

vinylanisole, vinylbiphenyl, and vinyl-2-norbornen«. 

(2) ch^h-or* 

wherein K 1 represents a C a C 2t substituted or 

35 unsubstituted alkyl, aryl, aralkyl, or alkaryl group. 
Here tha substituted alkyl, aryl, aralkyl, or alkaryl 
group are as defined above. Specific examples thereof 
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include vinyl n-propyl ether, vinyl t-butyl ether, vinyl 
decyl ether, vinyl iso-octyl ether, vinyl octadecyl 
ether r and vinyl phenyl ether. 

( 3 ) C&V=CH-0-C (O) -R l 
5 wherein R 1 ic as defined in (2) above. Specific examples 

thereof include vinyl propionate, vinyl butyrate, vinyl 
n-decanoate, vinyl stearate, vinyl laurate, and vinyl 
ben^oate. 

(4) CH 2 =CH-NR 2 R 3 

10 wherein R 2 and R s are each independently selected from 
the yroup uuusisting of H and Cj - C a „ substituted or 
unsubstituted alkyl, aryl, aralkyl, and alkaryl groups, 
provided that R* and R 3 do not simultaneously represent 
Here the substituted alkyl, axyl, aralkyl, or ctlkoryl 
P ib group is as rlftfined above. Specific examples thereof 

;'!? include N-vinylcarbazole and vinylpiiLlmlimlde. 

1=5 In the block copolymer having the AB, ABA, or ABC 

structure, the characters A, B r and C indicate blocks of 
the block copolymer- Specifically, different characters 
j! 4 " 20 indicate blocks different from each other in monomer 

ILI composition, and the same characters indicate blocks 

J; 5 * hawiny Uie same monomer composition. Accordingly, an Att 

p block copolymer is a diblock in which the two blocks are 

i<* different from each orher in monomer composition, and an 

25 ABA block copolymer ic composed of three blocks wherein 
only two blocks are different from each other in monomer 
composition (that is, two blocks A are identical to each 
other in monomer composition). An ABC block copolymer 
also have three blocks. In this case, however, all of 
30 the three blocks are different from one another. 

Iu the above structure/ the block even when any 
block copolymer is used, is hydrophobic and, in addition, 
can be attacned to the colorant. The block A is 
hydrophilic and, at the same time, ic soluble in an 
35 aqueous vehicle. The third block (any one ot hionk a and 
block C) may be any desired block and may be used to 
finely regulate the balance h*twA«n hydrophobicity and 
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hydrophilicity ol the polymer. Therefore, this third 
block may have the Dame composition as the hydrophilic 
block, for example, aha, or may have a composition which 
is different from any of A and B, for example, ABC. Here 
5 the agueouS vehicle generally refers to viator or a 
water-soluble organic solvent. 

The* size of the hydrophobic block should be large 
enough to form aci effective bond to the surface of the 
pigment - The number average molecular weight is at least 
10 300, preferably at least 500. The hydrophilic block also 
should be large enough to create a 3terically stabilized 
mechanism dud an electrostatically stabilized mechanism 
j !& for stable dispersion, and the balance in size between 

£3 the hydrophilic block and t-h« hydrophobic block is 

J:2 15 preferably obtained so that the whole polymer is soluble 

q in an aqueons vehicle, 

Q The hydrophobic block may also contain other 

p ethylanically unsaturated monomer, that is, an acrylic 

monomer* Specific examples of this type of monomers 
\f 20 include C t to c 20 acrylic or methacrylic esters , for 

i£ example, methyl acrylate, ethyl acrylate, n-butyl 

Q acrylate, 2-ethylhexyl acrylate, methyl methacrylate, 

O ethyl methacrylate, n-butyl methacryJate, t-bntyl 

? ~ methacrylate, 2-ethylhcxyl methacrylate, and cyclchexyl 

25 methacrylate. 

The hydrophilic block may be prepared from an 
ethylenicaily unsaturated monomer. This hydrophilic 
block should be soluble in the selected aqueous vehicle, 
and may contain an 1 on izable monomer in an amount of up 
30 to 100% by weiqhl, preferably at least 50% by welghtr 
based on the total weight of the hydrophilic block « The 
iunizable monomer to be selected varies depending upon 
desired ionic properties of inks in selected 
applications, xn the case ot an anxonlc block copolymer 
35 diopexcant, the ionic monomer is mainly an acid group- 
or acid precursor group-containing monomer, specific 
examples of useful monomers include acrylic acid, 
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methacrylic acid f crotonic acid, itaconic acid, itaconic 
monoesters, maleic acid, maleic monoesters, fumaric acid, 
and fumaric monoesters. 

in the case of a cat Ionic? block copolymer 
5 dispersant, an ionizablfc mgnomer preferable for the 
hydrophilic portion is an amine-containing monomer. The 
amine group may be a primary, secondary, or -ternary 
amine group r or a mixture of two or more of these groups. 
Specific examples of amine-containing monomers include 
10 N, M-dimethylaminoet hyl aery late , W , w-d jjuethy laminaethyl 
methacrylate , N , W-d i «thy laminoet hyl methacrylate , t- 
butylaminoethyl methacrylate, 2-N-moxpholinoethyl 

L& acrylate, 2-W-morpholinoethyl methacrylate, 4- 

□ ominostyrene, 2-vinylpyr idine , 4-vinylpyridine, and 

! ;3 15 vinyl imi dazole - 

A nonionic hydrophilic monomer or a waxer-soluble 
p monomer may be properly used to finely regulate the 

^ hydrophobicity/hydrophilicity balance and, in addition, 

* to regulate the solubility properties of the block 

H 20 copolymer. The nonionic hydrophilic monomer or th« 

| f *j water-Boluble monomor can be easily copolymerized with 

ij the hydrophobic block or hydrophilic block or any third 

n different block such as the block C in the ADC block 

!'* copolymer to attain a dAfiired effect. Specific examples 

25 of useful nonionic hydrophilic monomers or water-soluble 
fflonnmflrB include alkyl acrylatec and alkyl wethacrylates 
wharein the alkyl group has 1 to 12 carbon atoms, for 
example, methyl aery late, methyl roethacrylato, ethyl 
acrylate, uLhyl methacrylate, bucyl acryiate, and buxyl 
30 methacrylate and, in addition, acrylamide and 
methacrylamide. 

The block copolymer as the dispersant usable in the 
presenr. invention may be efficiently produced by the 
preparation of a plurality of blocks using a 
3h manrnmonomer as an intermediate in a simultaneous and 
continuous manner. The Lux/miiutl macromonomer having a 
polymerizahle double bond becomes one of blocks in the 
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hlork copolymer and is first prepared. This ia then 
copolymer iised with a monomer selected for the second 
block. In the case of ADA and ABC triblock copolymers , 
the synthesis of the hydrophilie macromonomer as the 
5 first block in the first stage is preferred. In the case 
Of an AB block copolymer, the hydrophobic macromonomer 
or the hydrophilie macromonomer is a Hirst stage useful 
in the synthesis- The macromonomer is suitably prepared 
by free radical polymerization, in this case, cobalts II) 
10 and cobalt (III) complexes are used as a catalytic chain 
transfer agent or an organic chain transfer agent for 
enabling chain transfer. Organic chain transfer agents 
l & include allyl suitide r ally! bromide,, and vinyl end 

(3 group-containing methacrylate oligomers including dimexs, 

?;i 15 a-methylstyrene dimers, and related compounds. 

The block copolymer may be synthesized through a 
O macromonomer as taught in International Publication WO 

96/15157 (auue, 1996). The block copolymer useful In the 
~~ present invention has a weight average molecular weight 

20 of about 1,000 to 50,ooo, preferably 2,000 to 20,000. 

The AB block copolymer prepared by the above method 
is LexiuiijdLed with a polymerizable double bond which is 
O further polymerized with other group in the monomer to 

form an aba or abc block copolymer through conventional 
25 free radical polymerization in the above method* 

A large number of conventional organic solvents are 
usable as a polymerization medium for the preparation of 
both the macromonomer and the block copolymer. Organic 
solvents usable herein include/ buL are not limited to, 
.HO alcohols, such as methanol, ethanol, n-propanol, and 
isopropanol, ketones, such as acetone, butanone, 
pantanone, and hexanone, tetrahydrofuran, diethyl ether, 
and commonly available celloflnlves and carbitols, for 
example, ethers, ouch as ethylene glycol monoalXyl 
35 ethers,. ethylene glycol dialkyl ethers, polyethylene 
glycol monoalkyl ethers, and polyethylene ylywl dialkyl 
ethers, alkyl esters of acetic acid, propionic acid, and 
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butyric acid, glycole, such aa ethylene glycol, and 
mixtures of these organic solvents. 

h salt of an ionizable uroup should be producea in 
the hydrophilic portion to render the block copolymer 
5 soluble in the aqueous vehicle. The salt of fchR acid 
group may be prepared by neutralizing the acid group 
with a neturalizlng agent. specific? examples of useful 
bases include i hydroxides of alkali metals, such as 
lithium hydroxide, sodium hydroxide , and potassium 
10 hydroxide; carbonates and bicarbonatee ol alkali metals, 
such as sodium carbonate, potassium carbonate, sodium 
bicarbonate, and potassium bicarbonate; organic amines, 
\ t & such as monomethy lamina, diraethylamino, t r imc t by 1 amine, 

O morphoiine, and Hr-metbylmorpholine; organic alcohol 

15 amines, such as N f N-dimcthylethano lamine, tt- 
1 3 me thy ldiethanolamine * monoethano lamine , diethanolamine , 

p and triethanolaminaj ammonium salts, such as ammonium 

hydroxide and tetraaikylammonlum hydroxide j and pyridine. 
In the oaoc of a cationic block copolymer dispersant, 
j;* 20 the amine group is neutralized with acids including 

1% organic acids and inorganic acids. SpeciJCic eAaiaples of 

--•j useful acids includes organic acids,, such as acetic acid, 

propionic acid, formic acid, and oxalic acid; 
hydroxylated acids, such as glycolic acid and latctic 
25 acid? halogenic acids, such as hydrochloric acid and 
hydrobromia acid; and other inorganic acids, such as 
sulfuric acid, phosphoric acid, and nitric acid, 

According to a preferred embodiment of the present 
invention, the dispersant is used in an amount of 0-1 to 
30 2-0% by weight, more preferably 0-2 to 1.0% by weiqliL, 
based on the pigment. 

The pigment may be dispersed by a conventional 
method. For example, the dispersant and the pigment are 
mixed into water which lias been made alkaline, for 
35 example, with sodium hydroxide, potaoaium hydroxide, 
lithium hydroxide, sodium carbonate, sodium 
hydrogencarbonate, aqueous ammonia, trictha no lamine, 
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diethanolamine, triethyl amine, or aminomethyl propaaol, 
and tne mixture in placed in a dipsergator, eixch as a 
ball mill, a sand mill, an attriLuj., a roll mill, an 
agitator mill, a Henschel mixer, a colloid mill, an 
5 ultrasonic homogenizer, a Jet mill, or an angmi 1 1 to 
disperse the pigment. in this case, the pigment is 
regulated to an average paralnlR diameter of 25 to 1000 
nm, preferably 50 to 250 ran. Further, in this ease, 
preferably, filtration, for example, through a metallic 
10 filter or a membrane filter, or ceiitiifuqation is 
carried out to remove coarse particles or foreign matter 
causative of clogginq. 

In the first aspect of the present invention, when 
£3 * Piqment is used as the colorant, the amount ot the 

15 pigment added to the ink composition is preferably 0-5 
*jj t° 15* by weignt, more preferably 0.7 to 12% by weight. 

□ *n the present invention, a single type of a 

pjj colorant may be selected from the above groups of dyes 

l* and pigments, or alternatively, a plurality of types of 

M 20 dyes and/or pigments may he selected from the above 

j : * groups of dyes and pigments and used in combination. 

-Z Hmoegtant 

O l A the first aspect of Lhe present invention, any 

^ humectant may be used so far as the humectant, when used 

25 in the ink composition, can suppress drying of ink to 
prevent the solidification of ink at ejection nozzles of 
an ink jet recording apparatus. 

The humectant used in the present invention is 
preferably a material having moisture retaining 

30 properties or hygroscopic properties amony via Lei -soluble 
organic solvents , and specific examples of preferred 
humectants includes polyols, such as qlycerin, ethylene 
glycol, diethylene glycol r triethylene glycol, 
polyethylene glycol, propylene glycol, dipropylene 

H5 glycol, polypropylene glycol, 1,3-propanediol, 1,4- 
ImUmediol, 1,5-pentanediol, 1,6-hexanediol, 1,2,6- 
hexanetriol, and pentaerythritol; 2-pyrrolidone; and w- 
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methyl-2-pyrrolidone., Further, water-soluble hygroscopic 
materials, for example, urea compounds, such as urea, 
thiourea, ethyleneurea, and 1 ,3-dimeLliyllmida3olidlnones , 
lactams, such as *-caprolactam, solid glycerins, such as 
5 trimethylolpropane and trimethylolethane, and 
saccharides, such as maltitol, sorbitol, gluconic 
lactone, and maltose „ 

The amount of these humectants added may be such 
that, the huxaectants, together with other ingredients of 
10 an ink composition, provide an ink vi&cuuity of nor more 
than 25 mPa.s at 25°C. 

Won ionic anrfactanfc 
ii& Tn the first aspect of the present invention, the 

P ink composition preferably further comprises a nonionic 

H 15 surfactant* The ueo of the nonionic surfactant is 

advantageous from the viewpoint of satisfactorily 
P spreading the ink composition even in a email amount on 

;^ recording paper . further, the use of th« nonionic 

1-3 

surfactant is advantageous in that an ink composition 
!<= 20 can be provided which is iess foamablA than an ink 

composition prepared using an ionic surfactant. 
I7i Nonionic surfactants usable herein include , for 

O example, polyoxyethylene alkyl ethers, polyoxyethylene 

alkyi esters, polyoxyethylene sorbitan fatty acid esters, 
25 polyoxyethylene alkylphenyl ethers, 

pal yoxyet hylenealkylaminec , and 
polyoxyethylenealkylamides. Further* acetylene glycol 
surfactants and the like described later may also be 
used. These surfactants may be used a Ion* or in 
30 combination of two or more. 

Specific examples of such nonionic surfactants 
include Nissan Nonion K-211, K-220, p-213, E-215, £-220, 
S-215, S-220, HS-220, NS-212, and HS-220 (all the above 
products being manufactured by Nippon Oils & Fats CO., 
35 Ltd.). 

According Lo * preferred embodiment of the present 
invention, the ink composition further contains an 
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acetylene glycol surfactant as the nonionic surfactant. 

Specific examples of preXeixed acetylene glycol 
surfactants usahlA in the present invention include 
compounds represented by formula (a): 



FT 



pp* c — o^= o — c — ff 



o 



CH 2 (a) 

I I 

o o 

H H 

5 whftrp.in 0 < m + n £ 50; and R* x , R 2 ~, R 3 *, and R** each 
independently represent an alkyl group, preferably an 
alkyl group having l to f> carbon atoms. 

Among the compounds represented by formula (<±), 
particularly preterred compounds i.nclude 2 r 4 , 7 r 9- 

1 0 tetramethyl-5-decyne-4 , 7-diol r 3 , 6-dime thyl-4-uc: Lyue- 

3,6-diol, and 3 r 5-diT»Rthyl-l-hexyn-3-ol. Commercially 
available products may also be used as the acetylene 
glycol surfactant represented by formula (a). Specific 
examples thereof include surfynol 61, surfynol 82, 

15 Surfynol 104, Surfynol 440 , Surfynol 465, Surf y no 1 405, 
und Surfynol tg (all the above products being available 
from Air Products and Chemicale inc.) and OLFINE STG and 
OLFINE E 1010 ( tradenames ; manutactured by Kiss in 
Chemical Industry Co*, Ltd*)* These acetylene glycol 

20 surfactants may h« used alone or in combination of two 
or more* 

The amount of the nonionic surfactant added is 
preferably in the range of about O.i to i>* by woxght, 
more preferably in the range of about 0.5 to 2% by 
25 weight, based on the inlc composition- When the nonionic 
surfactant content is not looo than 0,1% by weight, the 
combined use of the nonionic surfactant and the 
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penetrating agent composed of the glycol monoether and 
the 1, 2-alkanediol ic advantageous from the viewpoint of 
spreading ink in the transverse direction of paper upon 
the impaction of ink on the recording paper. On the 
5 other hand, wnen the non ionic (surfactant content is not 
more than 5% by weight, the nonionic surfactant, 
together with other additives, can easily regulate the 
viscosity of ink to a value suitable for printing. 
Water and othf*r ingrftdifrntfl 
1° The ink composition according to the present 

invention comprises water as a main solvent. Water is 
preferably pure water obtained hy ion exchange, 
ultrafiltration, reverse osmosis, distillation or the 
£3 like, or ultrapure water. Further, water, which has been 

j;* 15 sterilised/ for example, by ultraviolet- iiiddiatiun or 

*n by addition at hydrogen peroxide, is preferred because, 

when the ink composition is stored for a long period of 
time r it can prevent the growth of mold, bacteria or the 
like. 

H 20 The ink composition according to the present 

1% invenLiou may further contain other water-soluble 

organic solvents other than described above. 
P The ink composition according to the present 

invention may further contain other optional ingredients. 
25 Examples of other ingredients usable herein include 
nozzle clogging preventives, preservatives / an L iuiol cte , 
antioxidants /ultravi ol «fc absorbers , electric 

conductivity adjustors, pH ad jus Lots, surface tension 
modifiers, sol ubil i zere , viscosity modifiers, and oxygen 
30 absorbers. 

pH adjustors include hydroxides of alkali mctala 
or amines, for example, lithium hydroxide, sodium 

hydroxide, potassium hydroxide, triethanolcuuliits, 
dlethanoiamine, and aminoraethylpropanol • 
35 Antioxidants/ultraviolet absorbers include: 

allophanates, such as *Uophanate and methyl 
allophanate; biurets, such as biuret, diroethylbiuret, 
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and tetramethylbiuret; L-asuurbic acid ana salts 
thereof » Tinuvixi 339, 0OO r 1130, 394, 202, 123, 144, G22, 

770, and 292, Irgacor 252 and 153, and Trganox 1010, 
1076, 1035, and MD 1024, manufactured by Ciba-Geiqy and 
5 lanthanide oxides. 

Prcscrvatives/antimolds include, Iojl example, 
sodium benzoate, pentachlorophenol sodium, 2- 
pyridinethio 1-1 -oxide sodium, sodium sorbate, sodium 
dehydroaeetate, and l,2-dibenaothiazolin--3-one (Proxel 
10 CRL, Proxel bdn, proxel gxl, Proxel XL-2, and Proxel tn, 
manufactured by TCI ) . 

Ink VUfflputfjt.tnns accordi ng to Rpmnri aTi^ -fhiT-rt aspects 
iA of invention 

<;3 The ink composition according to the second aspect 

is °f the present invention comprise© at least a piyuitraL, a 
j dlspersant for dispersing the pigment, a l,2-alkanediol r 

;5 and water ae u main solvent, the content of the 1,2- 

-2 
13 
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alkanediol being 0,5 to 10% by weight based on the total 
amount of the ink composition. 

The ink composition according to the third aspect 
of the present invention comprises at least a pigment:, a 
j dlspersant fnr dispersing the pigment, a 1, 2 -alkanediol r 

3 and water as a main solvent, the dlspersant being a 

= block polymer resin having an acid value of 70 to 200. 

25 The ink compositions according to the second and 

third aspects of the present invention can prevent 
nozzle clogging and can maintain stable print quality. 
That is, the ink compositions according to the present 
invention have excellent stability in ejection of ink 
30 through the head and stability against nozzle clogging. 

Further, the ink compositions according to the 
present invention possess excellent penetration into 
recording media. In general, the addition of a 
penetrating aqent, such as triethylene glycol monobutyl 
35 ether (TEGmBE), is known to improve the penetration of 
the ink composition. When the ink compos 1t ions according 
to the second and third aspects of the present invention 
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are used, the same level of penetration into media can 
be realized in a smaller amount of the I , 2-alkanediol 
than the case where a penetrating agent, such as TEGmBE, 
is used. For this reason f according to the present 
5 invention , the amount of the penetrating agent added to 
tho ink composition can be relatively reduced- Xhls is 
advantageous from the viewpoint of improving the 
stability of the state of Lhe dispersion or the pigment 
in the ink composition,, and thus can improve the storage 
10 stability and reliability of the ink composition- 
Further, in the ink compositions, the allowance of 
ingredients other than the colorant can be increased. 
This is advantageous from the viewpoint oi ink 
composition design or improvement. ?nrthRr r in the 
15 present invention, the increase in viscosity u£ the ink 
compos ition can be suppressed on a higher level as 
compared with conventional penetrating agents, such as 
TEGmBE. Tneretore, the atnnnnt of the humect ant add<*d can 
also be increased. 
20 1,2-Alkangdiol 

In the second and third aspects of the present 
invention, the 1, 2-alkanediol preferably has 4 to 10 
carbon atoms. A mixture of two or more l ,2-aikanediols 
may also be added. 
25 in a preferred embodiment or the present invention* 

the 1, 2-alkanediol is selected from the group consisting 
of 1,2-butanediolr 1,2-pentanediol, 1,2-hexanedioJ , 1,2- 

heptanediol, and a mixture thereof. These alkanudiuls 
are advantageous from the viewpoint of excellent 
30 penetration into recordiuq media. 

According to a more preferred embodiment of the 
present invention/ the 1 , 2-alkanediol is preferably 1,2- 
hexanediol or 1,2 -pent anediol, more preferably 1,2- 
hexanediol . 

35 The content of tho 1 , 2-alkanediol is in the range 

Of 0.5 to 10% by weight, preferably 1 to 5* hy weight, 
based on the total amount of each of the ink 
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compositions according to the present invention- When 
the 1 ,2-alfcanediol content is not less than 0.5% by 
weight, the penetration of the ink composition is 
satisfactory. On the other hand r when the 1,2-alkanediol 
5 content is not more than 10% by weiqht, the 1.2- 
alkanediol, together with other additives f can 
advantageously easily regulate the viscosity of ink to a 
value suitable for printing. 

in the second and third aspects of th* present 
10 invention/ when the 1 , 2-alkanediol is 1, 2-butanediol, 
the ink composition according to the present invention 
preferably contains 3 to 10% by weight, more preferably 
5 to 10* by weight, at 1 , 2-but anediol . When the 1,2- 
alkanediol is 1, 2-pentanediol, the ink compositions 
15 according to the present invention caoh preferably 
contain 3 to 10* by weight, more preferably J to 7* by 
weight, of 1,2 -pent anediol. When the 1,2-alkancdiol is 
1,2-hexanediol, the ink compositions according to the 
present invention each preferably contain 1 to 6% by 
20 weiyhl, more preferably 3 to 5% by weight, ot 1,2- 
hex anediol. When the 1,2-alkancdiol is 1 ,2-heptanediol, 
Uie ink composition preferably contains 0.5 to 3% by 
weight, more preferably 1 to 2% by weight, of 1,2- 
heptanediol. 

25 in the second and third aspects of the present 

invention, the ink compositions preferably contain, as 
the 1,2-alkanediol, 1 to 6% by weight uf 1 r 2-nex anediol. 
mi nranf 

in the ink compositions according to the second and 
30 third aspects of the present invention, a pigment is 
used as the colorant* In the present invention, any 
pigment may be selected so far as the pigment is 
dispersible in the Ink composition with the aid of a 
dicporsont . 

35 in the seconri and third aspects of the present 

invention, the pigment may be the same as that described 
above, in connection with the first aspect of the present 
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invenLioa. 

In the second and third aspects Qf the present 
invention, the particle diametar of the pigment is 
preferably not more than 0.2 m* more preferably 0.05 to 
5 0.15 pm» 

In the second and third aspects of the present 
Invention, the content of the pigment is preferably 0*5 
to 15% by weight, more preferably 0.75 to 10* by weight, 
based on the total amount of the ink composition . 
io Dlspersant 

In the occond and thixrd aspects of the present 
invention, the pigment is di sperfiAd in the ink 
|r compositions with the aid of a dispersant for dispersing 

p a pigment. 

j;3 15 According to a preferred embodiment of the present 

[3 invention, the pigment is preferably added r to ink, as a 

P pigment dispersion produced by dispersing the pigment in 

*;J an aqueous medium with the aid of a dispereaat* 

'~ In the second and third aspects of the present 

\.h 20 invention, the dispersant may bo the same as that 

fjj described above in connection with the first aspect or 

J* the present invention. 



Banlonic surfactant 

In the second and third aspects of the present 
25 invention, the Ink compositions preferably further 
contain a nonionlc surfactant, Nonionle sutlacUuiLs 
usable herein ar« the same as those described above in 
connection with the first aspect of the present 
1 nventi on * 

30 The amount of the nonionic surfactant added is 

preferably in the range of about 0.1 to 5% by weight/ 
more preferably in the range ot about 0.5 to 2% by 

weight, based on each of the ink composition*. 
Water an d other 1 ngrerfi on-hs 
3S In the second and third aspects of the present 

invention, the ink compos itinns comprise water as a main 
solvent. Water is preferably pure water obtained by ion 
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exchange, ultrafiltration, reverse osmosis, distillation 
or the like, or ultrapure water- Further, water, which 
has been sterilised by ultraviolet irradiation or by 
addition o± hydrogen peroxide, is preferred because, 
5 when the ink composition is stored lor a long period of 
tirafi, it can prevent the growth of mold, bacteria or the 
like. 

In the second and third aspects of the present 
invention, rhe ink compositions may turtftftr contain, in 
10 addition to water, a water-soluble organic solvent as 
The solvent from th* viewpoint of regulating the 
moisture retaining property of ink or imparting 
penetration to ink. 

In the present i^vtJuLiuii, the water-soluble 
15 organic solvent for regulating the moisture retaining 
property of ink is added as a humectant or a drying 
accelerator to the ink compositions according to the 
present invention. further, the water-soluble organic, 
solvent for imparting penetration to ink is added as a 
20 penetration acceierator to the ink nnmposition of the 
pxooojvb invention. 

specific examples of water-soluble organic 
eolvento for regulating the moisture retaining property 
of ink include: monohydric alcohols, snr.h as methanol, 
25 ethanol, n-propanol, iso-prupanol, n-butanol, sec- 
butanoi, tert-butanol, iso-butanol, and n-pentanol? 
polyhydric alcohols, such as glycerin, erhyiene glycol r 
diethylene glycol, triethylenc glycol, polyethylene 
glycol, propylene glycol, butylene glycol, dipropylene 
30 glycol, polypropylene glycol, thiodiglycol, hexylene 

glycol, 1,3 -propanediol, 1,4-butanedioi , i ,5-p«ntan«diol, 
1 , 6-hexancdiol , 1 , 2 , 6-hexanetr iol # and pentaerythr itol ; 
2-pyrrol idone, K-methyl-2-pyrrolidone r urea, thiourea, 
cthyleneurea, and 1 r 3 -dimethyl-2-iniidazolidlnone • 

In the second and third aspects of the present 
invention, the water-soluble organic solvent for 
regulating the moisture retaining property of ink may bo 
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added as a hranectant -to the ink composition according to 
the present invention. in the present invention, the 
humect ant is mainly used for suppressing drying of ink 
to prevent the solidification of ink at ejection nozzles 
5 of an ink jet recording apparatus. Huiaectants usable in 
the present invention include r in addition to the above- 
described water-soluble oryanic solvents , for example, 
lactams euoh as c eaprolactam, solid glycerins such as 
trimethylolpropane and trimethylolethane, and 

10 saccharides such as maltitol, sorbitol, gluconolactone, 
and maltose. 

Preferred watcr-3oluble organic solvents for 
imparting penetration to ink, that is, penetrating 
p agents, include glycol monoethers. 

□ 15 Tn the second and third aspects of the present 

iz z invention, glycol monoethers usable herein are those 

5.2 

|j described above in connection with the first aspect of 

'■'4 "the present invention. 

la the second and third aspects of the present 
20 invention, the combined use of the i # 2-alfcaned1ol and 
the glycol monoether can impart the same level of 
penetration to the ink compositions by the addition of 
the 1, 2-alkanediol in a smaller amount as compared with 
U the use of the 1 , 2-alkanediol alone. Further „ the 

25 deposition of ink onto ejection nozzles caused by the 
addition of the 1,2-ai leaned tol can be effectively 
prevented by using the glycol monoether in combination 
with the 1, 2-alkanediol- By virtue of this in 
combination with the eXXect of reducing the amount of 
30 the 1 , 2-alkanediol added, ink compositions having high 
printing stability can be provided- 

in the present invention, when the ink compositions 
further contain the glycol monoether, the amount of 
glycol monoether added is preferably in the range of 
35 0.25 to 10% by weight based on the ink composition. When 
the amount of the glycol monoether added is in the above 
defined range, the combined use of the glycol monoether 
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and the 1 , 2 -alkanedioi can provide satisfactory 
penetration- Further, the glycol monoether, together 
with other additives, can xequlate the viscosity □£ infc 
to a value suitable for printing. 
5 The ratio (weight ratio) of the glycol monoether to 

the l r 2-alkanediol is preferably in the range of 1 : 5 
lo 5 : l, more preferably in the range* of 1 s 2 to 2 t 1. 
A weight ratio of the glycol monoether Lo the 1,2- 
alkanedlol in the above detined range is advantageous 
10 from the viewpoint of reducing the amount o£ the 1,2- 
alkanediol added. 

The water-soluble organic solvent has been 
described above in terms of organic solvents for 
p regulating the moisture retaining property and organic 

P 15 solvents for imparting the penetration. Ilowcyer, it 

| ! ^' should be noted that organic solvents mentioned above as 

j;j regulating the moisture retaining property sometimes 

function also to impart penetration to the ink, and 
organic solvents mentioned above as imparting 
20 penetration sometimes function also as the humectant. 

The ink compositions according to the second and 
third aspects of the present invention may further 
H contain a surfactant from the viewpoint of attaining 

promoted penetration and reliable ejection and yielding 
25 good images* Surfactants u£ this type include, in 
addition to the above-described nonionic surfactants , 
for example, anionic surfactants, such as sodium 
dodecylbenzenesulfonate, sodium laurylate, and an 
ammonium salt or polyoxyethylene alky J ether {sulfates, 
30 cat ionic surfactants, and amphoteric surfactants- They 
may be used alone or in combination of two or more. 

The surface tension of the ink compositions 
according tn the present invention is in the range of 
about 20 to 50 mw/m, preferably in Lhe xange of about 23 
3h to AO raN/m. 

The ink compositions according to the second and 
third aspects of the present invention may further 
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contain other optional ingredients. Examples of other 
optional ingredients usable herein include nozzle 
clogging preventives , preservatives , 

antioxidants /ultravi ol et. absorbers , electric 

S conductivity adjusters, pH adjustors, eolublllzers , 
viscosity modifiers, and oxygen absorbers. 

Examples o£ preservatives include sodium benzoate, 
pentachlorophenol sodium, 2-pyridinethiol-l -oxide sodium, 
sodium sorbare, sodium dehydroan«hate, and l,2~ 
10 dibcnzothiazolin-3-one (Proxel CRL, Brunei BDN, Proxel 
GXL, tfroxel XL-2, and Proves! TN, manufactured by ICI). 

Exomples of pn adjusters, solubil.Lce.itf , or 
antioxidants inrilud*?: amines, such as diethanolamine, 
triethanolamine, propa no 1 amine, and morpholine, and 
15 modification products thereof; inorganic salts, such as 
potassium hydroxide, sodium hydroxide, and 1 ithium 
hydroxide; ammonium hydroxide; quaternary ammonium 
hydroxides, such as tetramethyiammonium; salts of 
carbonic acid, such as potassium carbonate T sodium 
20 carbonate, and lithium carbonate; salts of phosphoric 
acid, such as potaeoiura phosphate, sodium phosphate, and 
lithium phosphate; N-methyl-2-pyrrrvlidone; urea 
compounds, such as urea, thiourea, and tetr ante Lily lurea; 
allophanates , such an allophanate and methyl 
25 allophanate? biurets, such as biuret, dimethylbiuret/ 
and tetramethylbiuret ; and L-ascorbic acid and salts 
thereof . 

Further, in the present invention, a single type 
of other optional ingredient may be selected from the 
30 above groups of other optional ingredients, or 
alternatively, a plurality of types of other optional 
ingredients may be selected from the above groups of 
other optional ingredients and used in combination. 

In the present invention, Lhe amounts of all the 
35 ingrediftntR nf the ink composition aro preferably 
selected so that the viscosity ul the ink composition is 
not mora than 10 mPa.o at 20 P C. 
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The ink compositions according, to the second and 
third aspects of the present invention may be prepared 
by dispersing and mixing the above ingredients together 
by meanR nf a conventional suitable method- A preferred 
5 method is as follows, a mixture of all the ingredients 
except for the organic solvent and the volatile 
ingredient is mi*ed by means of a suitable dispergaror r 
for example, a ball mill f a roll mill f a sand mill, an 
attritor, an agitator mill, a HenRnhel mixer, a colloid 

10 mill, a jet mill, an angmill, os. an ultrasonic 
homogenizer, to prepare a homogeneous composition, and 
tho organic solvent and the volatile ingredient axe 
added to thft homogeneous composition- Thereafter, 
preferably, filtration under reduced pressure or under 

15 applied pressure, for example, through a metallic filter 
or a membrane filter, or centrifugation is carried out 
to remove coarse particles and foreign matter- 
secordinjgLJnethod. 

According to the present invention, there is 
20 provided a recording method comprising the step of 
depositing the ink composition onto a recording medium 
to perform printing. Recording methods using an ink 
composition include, for example, an ink jet recording 
method, screen printing, recording methods with writing 
25 implements, such as pens, and other various printing 
methods . 

rn a preferred embodiment of the present invention, 
there is provided an ink jet recording method comprising 
the steps olr ejecting droplets of the ink composition 

30 according to the present invention; and depositing the 
droplets onto a recording medium to perform printing. 

In the present invention, any system may be used in 
the ink jet recording mothod so far as the ink 
composition is ejected as droplets through fine nozzles 

jib and the ink droplets are deposited onto a recording 
medium- Examples u£ such systems include a method 
wherein an ink jet head having a mechanism utilising the 
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response of an electrostrictive element is used, that is, 
a method wherein pressure and printing information 
signals are simultaneously added to liquid ink by means 
of an electrostrictive element to cause mechanical 
S deformation which ejects ink droplets to form an image, 
a method wherein thermal energy is applied to rapidly 
expand the volume of liquid ink, a method wherein static 
electricity-driven ejection is used, and a method 
wherein pressure is applied to liquid ink by means of a 
10 small pump and the nozzles are mechanically vibrated, 
for example/ by means oL a crystal vibLaLur, to loxclbly 
eject ink droplets - 

Accordinq to the present invention, in the above 
Q various ink jet recording methods, printing can be 

15 carried our at a relatively low ink ejection speed or 
not more than 10 m/sec, and the use of the ink 

composition according to the present invention can 
q prevent the deposition of ink onto ejection nozzles and 

- ti can realize stable ink jet recording. 

20 According to a more preferred embodiment of the 

£:«! present invention, thR Ink jRt recording method 

^4 according to the present invention is preferably such 

□ that an ink jpt head is used wherein ink droplets are 

v ~ formed by mechanical deformation using an 

25 electrostrictive element. 

Further, according to the present invention, there 
is provided a record produced by the above recording 
metnod. 

30 [EXAMPLES] 

The following examples further illustrate the 
present invention, but should not be construed as 
limiting the scope uL the present invention. 
Test A 

35 ink compositions Al to All were prepared as follows - 

Ink composition A3 

Ci. Direct Black 32 (6 g) as a black dye, 10 g of 
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glycerin f 5 g of diethylene glycol , 1 g of diethylene 
glycol monomethyl ether, 5 g of 1,2-pentanediol, 0.1 g 
of potassium hydroxide as a pH adluslur, and 0.5 y of 
aminomethylpropanol were mixed together- tTltrapure water 
b was added to the mixture to bring the total amount of 
the mixture to 100 g. Thus, a mixed solution vac 
prepared^ This mixed solution was Rt-.irr«d tor J. hr, and 
filtered through a membrane filter with a pore diameter 
of about 1.2 um (manufactured by Ninon Millipore, Ltd.) 
10 Lu pxepaxe an ink composition Al. 
I nk compo^ it: ion A2 

CmXm Direct Blue 86 (3 g) as a cyan dye, 5 y of 
f,£ glycerin, 10 g of tricthylcno glycol, 3 g of diethylene 

P glycol monoethyl ether, 3 g of 1,2-pentanediol, and 0-1 

pi 15 g of potassium hydroxide as a pH adjuster were mixed 

;3 together, uitrapure water was added to the mixture to 

£3 bring the total amount of the mixture to 100 g> Thus, a 

mixed soLution was prepared. This mixed solution was 
stirred for 2 br, and filtered through a membrane filter 

20 with a pore diameter of about 1,2 \m (manufactured by 
Nihou Jaillipux-tSf LUU) uo prepare an ink. composition A2 . 
Ink ^nmposi-bion A3 

P CI, Pigment Yellow 74 (100 y) as a yellow pigment, 

150 g of Joneryl (manufactured by Johnson Polymer 

25 Corp* ) as a water-soluble resin diapers ant , <S g of 
potassium hydroxide, and 250 g of water were mixed 
together. The mixture was dispersed in a ball mill using 
zirconia beads for 10 hr- The stock dispersion thus 
obtained was filtered through a mi=minranft filter with a 

30 pore diameter of about 8 urn (manufactured by Ninon 
Millipore r Ltd.) to remove coarse particles. The 
filtrate was diluted with waLei tu bring the 
concentration of the pigment to 10% by weight. Thus, a 
yellow piqment dispersion A3 was prepared. 
35 The yellow pigment dispersion A3 (30 g), 15 g of 

glycerin, 1.5 g of ethylene glycol monobutyl ether r and 
4 g of 1,2-pentanediol were mixed together- Ultrapurc 
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water was adriari to the mixture no bring the total amount 
of the mixtuit* to 100 g- Thus, a mixed solution was 
prepared. The mixed solution was then adjusted to pa 9.5 

t»y Che addition of triexbanolamiiio a© a pB ad j victor- The 
5 mixed solution was then stirred tor 2 hr, and was 
filtered through a membrane filter with a pore diameter 
of about 1.2 |im (manufactured by Nihon Millipore, Ltd-)- 
Thns, an inx composition A3 was prepared. 
Ink composition, M 
10 C..T. Pigment Blue 15 (100 g) as a cyan piqnienL, 100 

g of Joncryl J-62 (manufactured by Johnson polymer 
Corp.) as a warnr-soluble resin dlspersant, 4-5 y of 
A potassium hydroxide, and 250 g of water wore mixed 

3 together* The mixture was dispersed in a bail mill using 

3 it> zirconia beads for 10 kr. The stock dispersion thus 

3 obtained was filtered through a membrane filter with a 

3 pore diameter of about 8 um (manufactured by Nihon 

Millipore r l/bd») to remove coarse particles. The 
filtrate was diluted with water to bring the 
20 concentration of the pigment to 10% by weight. Thus, a 
r.yan pigment dispersion A4 was prepared. 

The cyan pigment dispersion A4 (30 g), 10 g of 
glycerin, S g of diethylene glycol, 2 g of triethyleue 
glycol monoethyl ether, and 3 g of 1 ,2-hexanediol were 
25 mixed together- rntrapure water was added to the mixture 
tu bxing the total amount of the mixture to 100 g* Thus, 
a mixed solution wast prepared. The mixed solution was 
then adjusted to pH 9.5 by the addition of 
triothanolamine as a pH adjuster. This mixed solution 
30 was stirred for 2 hr, and was then filtered iluuuyh a 
membrciae filter with a pore diameter of about 1,2 urn 
(manufactured by Nihon Millipore, i,td.). Thus, an ink 
composition A4 was prepared - 
Xrx'k flowpositign A5 
35 Color Black s 170 (manufactured by Degusca) (100 g), 

which is carbon black as a blank pigment, 150 g of 
Joncryl J-62 fmauufac Lured by Johnson Polymer Corp*) as 
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a water-soluble resin disp*rsant, 6 g of potassium 
Hydroxide r and 250 g of watex. were mixed together* The 
mixture wae dispersed in a ball mill using zirconia 
beads for 10 hr* The stuck dispersion thus obtained wae 
5 filtered thraugh a membrane filter with a per* diameter 
of abotit 8 tun (manufactured by Nihon Millipore, Ltd* ) Lo 
remove coarse particles. The filtrate was diluted with 
water to bring the concentration of the pigment to 10% 
by weight. Thus, a black pigment dispersion AS was 
10 prepared. 

The black pigment dispersion A5 (50 g) , B g of 
glycerin, 6 g of triethylene glycol r 2 g at diethylene 
glycol monobutyl ether as « glycol xaonoether, and 2 g of 
j;j 1,2-hcxancdiol were mixed together. Ultrapure water was 

i;J 15 added to the mixture to bring the total amount of the 

mixture to 100 g- Thus, a mixed solution was prepared. 
The mixed solution was then adjusted to pH 9.5 by the 
Q addition of triethanol amine as a pH adjustor. This raized 

si - solution was stirred tor 2 hr, and was then filtered 

£.* 20 through a membrane filter with a poro diameter of about 

fir 

p 1.2 um (manufactured by ttihon Millipore, Ltd.)" Thus, an 

ink composition A5 was prepared. 

Trtk ffompngition *fi 

C.I. Direct Black 32 (6 g) as a black dye, 10 g of 
25 glycerin, 5 g of diethylene glycol, 1 g of diethyl ene 
glycol monomethyl ether, 4 g of 1,2-pentanediol, 1.5 g 
of Nissan Honion NS-220 (manufactured by Nippon Oils & 
Pats Co., Ltd.) as a nonionlc surfactant, 0.1 g of 
potassium hydroxide as a pH adjustor , and 0-5 g of 
30 aminomethylpropanol wftre mixed together. tfltrapure water 
was added tu the mixture to bring the total amount of 
the mixture to 100 g* Thus, a jnived solution was 
prepared. This mixed solution was btirrea for 2 hr, and 
filtered through a membrane filter with a pore diameter 
35 of abont 1.2 jim (manufactured by Ninon Mllllpore, Ltd,) 
to prepare an ink composition A6. 
ink flomposlrlnr^ fl7 
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Ci. uirect Blue 86 (3 q) as a cyan dye, 5 g of 
qlyuerin, 10 g of triethylene glycol, 2 g of diethylene 
glycol monoethyl ether, 2 g ot i,2-pentanedlol, l q o£ 
Surly nol 440 (manufactured by Air rroduets and chemicals, 
5 Inc.) as an acetylene glycol surfactant, and 0*1 q ot 
potassium hydroxide as a pE adjuster were mixed iiogether- 
Ultrapure water was added to the mixture to bring the 
total amount of the mixture Lu 100 g. Thus, a mixed 
solution was prepared. This mixed solution was stirred 
10 for 2 hr, And was filtered through a membrane filter 
With a pore diameter of about 1.2 urn (manufactured by 
Nibon Millipore, l»trt.) to prepare an ink composition A7. 

Ittfc compos it ion, Aft 

Bon jet Black r.w-1 (manutactured by orient chemical 

15 industries, Ltd* ) (10 g), that is, a carbon black, as a 
black pigment, which has been treated tor introducing a 
functional group into the surface of the pigment and 
then dispcrecd, 5 g of glycerin, 10 g of trifcthylene 
glycol, 2 g of diethylene glycol monoethyl ether, 2 g of 

20 1,2-pentanediol, 1 g of Surfynol 440 (manufactured by 
Air Products and chemicals, inc.) as au u^tjtylene qlycol 
surfactant, and 0.5 g of triethanolamine as a pH 
adjustor were mixed together, ultrapure water was added 
to the mixture to bring the total amount of the mixture 

25 to 100 g. Thus, a mixed solution was prepared. This 
mixed solution was stirred for 2 hr, and was filtered 
through a membrane filter with a pore diameter of about 
1.2 urn (manutactured by tfihon Millipore, fctd.) to 
prepare an ink composition A8. 

30 ink compos Irion a 9 

C.T. Pigment Blue 15 (100 g) as a cyan pigment, 100 
g of Jon^ryi j-62 (manufactured by Johnson Polymer 

Corp») <ats a water-soluble resin diapereant, 4.5 g of 
potassium hydroxide, and 250 g ot water were mixed 
35 toqether. The mixture was dispersed in a ball mill using 
sirconia beads for 10 hr- The stock dispersion thus 
obtained was filtered through a membrane filter with a 
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pore diameter of about 8 (manufactured by Nihon 

Millipore, Ltd.) tc remove coarse particles. The 
filtrate was diluted with water to bring the 
concentration of the pigment to 10% by weight- Thus, a 
5 cyan pigment dispersion AS was prepared. 

The cyan pigment dispersion A9 (30 g) , 10 g ot 
glycerin, 5 g of diethyl ftne glycol* 2 g of triethylene 
glycol monoethyl ether , 2 g of 1,2-hexanediol, and 1 g 
of Surfynol 440 (manufactured by Air Products and 

10 Chemicals , inc.) as an acetylene glycol surfactant were 
mixed together* Ultrapure water was added to the mixture 
to bring the total amount of the mlxLare to 100 g. Thus, 
a mixed solution was prepared- The mixed solution was 
then adjusted no pH 9*5 by Lhe addition of 

15 triethanolamine as a pa* adjuetor. This mixed solution 
was stirred for 2 hr, and was then filtered through a 
membrane filter with a pore diameter of about 1,2 fun 
(manufactured by Hihon Millipore, Ltd.)- Thus r an ink 
composition A 9 was prepared. 

20 Ink composition A10 

An ink composition A10 was prepared in the same 
manner as need in the preparation ot the ink composition 
Ai, except that 6 q of 1,2-hexanediol was added instead 
of 1 g of diethylene glycol monomethyl ether and 3 g of 

25 1 , 2-penetanediol . 

Ink gamgfifljjjLnn All 

An ink compos It1 on All was prepared in the same 
manner ats used in the preparation o£ the ink composition 
AS, except that 7 g of 1 ,2-hexanediol was added instead 
30 of 2 g of diethylene glycol monobutyl ether and 2 g of 
1 , 2-hexanediol. 

Rval^atinn LfiaJL * 

Each of the ink oompositione Al to Al 7 was printed 
by means of a piezoelectric on-demand ink jet recording 
35 apparatus MJ-930C manufactured by Seiko Epson 
Corporation on a neutral plain paper xerox-p 
manufactured by Fuji Xerox Co., Ltd- 
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The print* thus obtained Cor each of the ink 
compositions were Inspected for print quality, dropout g 
of print dots, ink dropl«t.a trajectory directionality 
problem and the like. 
5 As a result/ for all the ink compositions, the 

print quality on the recording paper was good. 

Fox the ink compositions Al to A9 f print disorders, 
such as dropouts of print dots and ink droplets 
trajectory directionality problem, did not occur wen in 
10 continuous printing of .100 pages. 

On the other hand, for the ink compositions A10 and 
All as comparative ink compositions, the print quality 
M was the same as that for the ink compositions Al to A9. 

|| In the case of continuous printing, although printing of 

jjg IS about 100 pages caused no problem* increasing the number 

of print pages gradually led to th« occurrence of an ink 
;;j droplets trajectory directionality problem and this made 

J3 it impossible to stably carry out printing of 300 pages. 

» For the ink jet recording apparatus in which the ink 

p 20 droplets trajectory directionality problem occurred, 

Q ejection nozzles were observed under a microscope. As a 

resuXt, Lhfci deposition of ink was found around the 
nozzles. This suggests that the deposition ot ink caused 
the ink droplets trajectory directionality problem* 

ink compositions Bl to B8 were prepared as follows. 
Ink i7umpositioa_Bl 

CT. Pigment Yellow 74 (100 g) as a yellow pigment, 
150 g of joncryl (manufactured by Johnson Polymer 

30 Corp.) as a water-snlnble resin dispersant, 6 q of 
potassium hydroxide, and 250 g of water were mixed 
together- The mixture was dispersed in a ball mill using 
zlrconia beads for 10 hr* The etock dispersion thus 
obtained was filtered through a membrane filter with a 
35 pore diameter or about 8 um (manufactured by Nihon 
Millipore, Ltd.) to remove coarse particles. The 
filtrate was diluted with water to bring the 
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concentration of the pigment to 10% by weight* Thus, a 
yellow pigment dispersion 13 1 was prepared* 

The yellow pigment dispersion Bi (30 g) , 15 y of 
glycerin , 10 g of 1,2-pentanediol, and 1 g of Olfine E 
5 1010 were mixed together* Ultrapure water was added tu 
the mixture to bring the total amount of the mixture to 
100 q„ Thus, a mixed solution was prepared. The mixed 
solution was then adjusted to pH 9.5 by the addition of 
turiethauolamine as a pn adjuster* The mixed solution was 
10 stirrad for 2 hr, and was then filtered through a 
membrane filter with u pore diameter of about 1.2 pm. 
(manufactured by Ninon Mill i pore, Ltd.)* Thus, an ink 
composition Bl was prepared* 

Tnk gpffipntfitiott 32 

p 15 n.T- Pigment Blue 15 : 3 (100 q) as a cyan pigment, 

100 g of Joncryl J-62 (manufactured by Johnson Polymer 
Corp.) as a water-soluble resin dispersant. 4.S g of 
J potassium hydroxide, and 250 g of water were mixed 

;\ * together. The mixture was dispersed in a ball mill using 

|-y 20 zituuAia beads for 10 hr* The stock dispersion thus 

0 obtained was filtered through a membrane filter with a 

pore diameter of about 8 um (manufactured by Ninon 
Millipore. Ltd.) to r«move coarse particles. The 
filtrate was diluted with water to bring the 
25 concentration of the pioment to Iflfs by weight* Thus* a 
cyan pigment dispersion B2 was prepared* 

The cyan pigment dispersion B2 (30 g), 10 g of 
glycerin, 5 g of diethyleue glycol, 1 g of 1,2- 
hexanediol, and 1 g of olfine stg were mixed togetner. 
30 TJltrapure water was added to the mixture to briag the 
total amount of the mixture to 100 g. Thus, a mixed 
solution was prepared. The mixed solution was then 
adjusted to pH 9.5 by the addition of tr iethanolomin© as 
a pH ad jus tor. This miv«d solution was stirred for 2 hr, 
3b and was then filtered through a membrane filter with a 
pore diameter of about 1.2 f.uu (manufactured by ttlhon 
Miilipore, Ltd*). Thus, an ink composition B2 was 
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prepared. 

TnV composition Bj 

C.I. Pigment: Blue 15 t 3 (100 g) as a cyan pigment:, 
100 g of Joncryl j-62 (manufactured by Johnson Polymer 
5 Cuxp>) as a water-soluble resin dispersant, 4.5 g of 
potassium hydroxide, and 250 q ut water were mixed 
together • The mixture waa dispersed in a ball mill using 
zirconia beads for 10 nr. The stock dispersion thus 
obtained was filtered through a membrane filter with a 
10 pore diameter of about 8 pm (manufactured by Ninon 
Millipore, iiticK) to remove coarse particles. The 
filtrate waa diluted with water to bring the 
J;* concentration of the pigment to 10% by weight, Thuo, a 

|(J cyan pigment dispersion B3 was prepared. 

£3 15 oyati pigment dispersion B3 (30 g), 10 g of 

|;3 qlyoerin, 5 g of diethylcne glycol, 6 g of 1,2- 

1*1 hexanediol, and 1 g ot Olfine K 1010 were nii^ed together, 

O Uitrapure water was added to the mixture to bring the 

* total amount of the mixture to 100 g. Thus, a mixed 
2U solution was prepared . The mixed solution was then 

adjusted to pB 9.5 by the addition of triethanolamine as 



£3 



4 a pu ad jus Lor. This mixed solution was stirred for 2 hr. 



a 



and was then filtered through a membrane filter with a 
pore diameter of about 1.2 (Am (manufactured by Ninon 
25 Millipore, Ltd.). Thus, an ink composition B3 was 
prepared. 

Ink composition. B4 

A yellow pigment dispersion B4 was prepare in the 
same manner as used in the preparation of the ink 

30 composition Bl r except that C.I . Pigment. Yellow 128 was 
nsed as the pigment instead of c.X. Pigment Yellow 74. 

The yellow pigment dispersion B4 (30 g), 15 g of 
glycerin, 3 g ot 1,2 -hexanediol, and 1 g of olfine B 
1010 were mixed together- Ultrapure wat«ir was added to 

35 the mixture to bring the total amount or the mixture to 
100 g. Thus/ a mixed solution was prepared. Thf» mixed 
solution was then adjusted to pfl 9.5 by the addition of 
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trieLhanolamine as a pB adjuster. The mixed solution was 
stirred for 2 hr / and was then filtered through a 
membrane filter with a pure diameter of about 1-2 fim 
(manufactured by Nihon Millipore, J.rd.). Thus, an ink 
5 compos? it ion B4 was prepared. 
Ink composition B5 

A magenta pigment dispersion B5 was prepared in the 
same manner as used in the preparation of the ink 
composition Bl r exrept that CI. Pigment Red 122 was 

10 used as the pigment instead of C-I • Pigment Yellow 74. 

The magenta pigment dispersion B5 (30 q), IS g of 
glycerin, 0.5 g of 1,2-heptanediol, and 1 g of Olfine E 
1010 were mixed together- ultrapure water was added -to 
the mixture to bring the Lotal amount of the mixture to 

15 100 g, Thus, a mixed solution was prepared. The mixed 
solution was then adjusted Lu pH 9.5 by the addition of 
triethanolamine ao a pH adjustor. The mixed solution was 
stirred tor 2 hr, and was then filtered through a 
membrane niter with a pore diameter of about 1*2 urn 

20 (manufactured by Wlhon Millipore, Ltd,). Thus, an ink 
composition B5 wae prepared. 
Ink compo/sirinn Rfi 

A yellow pigment dispersion B6 was prepared in the 
same manner used in the preparation oX Uae ink 

25 composition B4. 

The yellow pigment dispersion B6 (30 g), 15 g of 
glycerin, 3 g of 1 ,2-Uexanediol, 0.5 g of Dlfinc S 1010, 
and 0.0 g of Olfine STG were mixed together, tntrapure 
wat*r was added to tne mixture to bring the total amount 

30 of the mixture to 100 g. Thus, a mixed solution was 
prepared. The mixed solution was then adjusted to pH 9.5 
by Lhe addition of triethanolamine as a pH adjuster. The 
mixed solution was stirred for 2 hr, and was then 
filtered through a membrane filter with a pore diameter 

33 u£ about 1»2 jim (manufactured by Nihon Millipore, Ltd.). 
Thus, an ink composition D6 was prepared. 

Tnk oomnoRition B7 (comparand ftvampua) 



U 
1:3 
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A yellow pigment dispersion B7 was prepared in the 
same wanner as used in the preparation of the ink 
composition Bl. 

The yellow pigment dispersion B7 (30 g) , 15 g of 
glycerin, 5 g of Lriethylene glycol monobutyl ether, and 
1 g of Olfine E 1010 were mixed together- Ultrapure 
water was added to the mixture Lu bring the total amount 
of the mixture to 100 g. Thus, a mixed solution was 
prepared. The mixed solution was then adlusted to pH 9,5 
by the addition of triethanol amine as a pE adjuster- The 
mixed solution was stirred ror 2 hr, and was then 
filtered through a membrane filter with a pore diameter- 
f; A of about 1,2 pm (manufactured by Nilion Miilipore, Ltd,)- 

Thus, an ink composition B7 was prepared- 
O 15 Ink composition B8 (comparative frYampiP) 

J? A yellow pigment dispersion B8 was prepared in the 

Zj same manner ae used in the preparation of the ink 

ig composition B4. 

The yellow pigment dispersion 1*8 (30 g) , 15 g of 
glycerin, b g Q£ triethylene glycol monobutyl etner, and 
1 g of Olfinc B 1010 were mixed together. Ultrapure 
M water was added to the mixture to bxing the total amount 

of the mixture to 100 g. Thus, a mixed solution was 
prepared- The mixed solution was then adlusted to pH S.5 
25 by the addition of triethanol amine ao a pH adjuster- The 
mixed solution was stirred tor 2 hr, and was then 
filtered thru ugh a membrane filter with a pore diameter 
of about 1.2 |ur (manufactured by Nihon Miilipore, r.td. ) - 
Thus, an ink composition B8 was prepared. 

30 Evaluation teat B 

Evaliwfrlrm tpst, "HI,; meet ion stab ? iiL V 
For each of the ink compositions Bl to B8, a 
patt«m having a nnrobi nation of graphics and texrs was 
continuously printed by means of a piezoelectric on- 
35 demand ink jet printm- MJ-930C manufactured by Seiko 
Epson Corpox<4Lion. In this caae, the number of prints 
produced, until an Ink droplets trajecLory 



!■* 20 
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directionality problem occurred, was counted. The 
results were evaluated according to the following 
criteria* 

A plain pciptM. Xeiux-P manufactured by Fuji xerox 
5 Co-, Ltd- was used as a printing paper in the test. 

AAr An average number of prints produced in 
continuous printing of not less than 300 

As An average number of prints produced in 
continuous printing of not les9 than 100 and less than 
10 300 

B: An average number of prints produced in 
continuous printing of not less than 50 and less than 
100 

Cz An average number of prints produced in 
Jjj 15 continuous printing of less than 50 

U Evaluation tee* 52 1 Pecoverv from clogging 

P isach of the inJc compositions Bl to B8 was fiiied 

^ into the head of the printer MJ-930C, and ejection of 

M ink through all nozzles was confirmed. The printer was 

M 20 tben allowed to stand without capping in an environment 

of 25 U C for one year. After the standing, cleaning 
operation was carried out until all the nozzles could 
£3 normally e^nct th« infc. Th« number of cleaning 

^ operations necessary for return to normal ejection of 

25 ink through all the no2zles was evaluated according to 
the lullowinq criteria * 

A; Two or less cleaning operations 
b: Three or four cleaning operations 
Cs Five or more cleaning operations 
30 The results were as summarized in Table 1. 

lest C 

Preparation nf diffpcnrsants 

Diepersants a to y tor dispersing pigments were 
prepared according to the procedure described in 
35 Japanese patent taid-open No. 269418/1999 . Specifically r 
these dispersants were prepared as follows. 
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n^fl pftrgant. rr; t-hut y :) g+yrono/Bf yrpn**/ /mttf.harryl in 
^r.l.i r97/iR//55 block copolymer 

At the outset, the following ingredients were 
provided, and a uuacromonomer a was prepared as follows* 

Ingredient b Weight, g 

Portion li 



Methanol 233.4 
I s opropanol 120.3 



Mathacrylio acid monomer 238.1 

Portion 2: Methanol JS>.3 

iBopropyl-bie (borondichloromothyl- 0 - 143 
glyoxlmate) eobalt(III) salt 

dimethylvaloronitrilo) (Vazo 6-52 
(trademark, manufactured by DuPont) ) 
Acetone B7,2 



The mixture of the portion 1 was charged into a 2- 
p liter flask equipped with a thermometer , a stirrer, a 

J dropping funnel/ a reflux condenser r and means for 

10 maintaining a nitrogen blanket for covering reactants, 
l & The mixture was heated to the reflux temperature/ and 

lU war rftfltivftd for about 20 mln. The portions 2 and 3 were 

p simultaneously added to the reaction mixture while 

1=2 maintaining the* t«mpftratnre of the reaction mixture at 

U 15 the reflux temperature* In this case, the portion 2 was 

added over a period of 4 hr r and the portion 3 was added 
over a period of 4*5 hr. The reflux was continued for 
additional 2 hr, and the solution was then cooled to 
room temperature to prepare a roacromonomer solution a. 
20 ' Next, the mac romonomer a and, in addition, the 

following ingredients were provided, and a disperse nt cl 
was prepared according to the following procedure- 
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ingredients 



a 



portion 


las 


Macromonomer a 
2-Pyrrolidone 


152-4 
40,0 


Portion 


2ai 


T.upersol 11 (t- butyl peroxypivalate 
(mauurtscUuxed by Elf Aroghem North 
America) 
Acetone 


10.0 


Portion 


3a: 


1-Buty 1 etyrono 
Styrene 


27.0 
ltt.0 


Portion 


4<w 


LuperBol 11 
Acetone 


2.67 
20.0 


Portion 


5ai 


Lupcrool 11 
Acq tons 


0-67 
la.n 



q The mixture u£ the pox Lion la was charged into a 

Q 500-raL flask equipped with a thermometer , a stirrer, a 

5 dropping funnel, a reflux condenser, and means lor 
maintaining a nitrogen blanket for covering raactants. 
£3 TIte mixture was beared to the reflux temperature, and 

wao rcfluxod for about 10 min. The solution of the 
portion 2a was added thereto* subsequently, the 
I! 3 10 portions 3a and 4a were simultaneously added to the 

reaction mixture while maintaining the temperature of 
the reaction mixture at the reflux temperature, in -this 
case, the portions 3a and 4a were added over a period of 
3 hr- The reaction misrbure was refluxed for one hr. 
15 Thereafter, the solution of r.be portion 5a wa« added 
thereto, and the reaction mixture was then refluxed for 
additional one hr* The mixture was subjected to 
distillation until about 117 g of vola tiles was 
recovered. 2-Fyrrolidone (75.0 g) was then added thereto 
2U to prepare 239.0 g of a 41.8* polymer solution 
(aispersant a) . 

D i spergant frj fi-tyxsne/methyX 

niethacry lat e { /methacryl jc acid ^s.n/2q.?//45.fl gt&j 

block copojymer 

25 The followinq ingredients were provided, and a 
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dispersant 0 was prepared as follows - 



E 1 " 

P 
P 



£3 



m 



10 



Portion lb : 
Portion 2b i 
Portion 3b i 
P<7X~tion 4b; 
Portion 5b t 



Ingredients 


Weight, y 


Macromonomer a 


152.4 


2-Pyrrolidone 


40,0 


Lupersol 11 


0.67 


Acetone 


10.0 


Styrene 


30.0 


Styrene met haciy late 


35.0 


Lupersol 11 


2.67 


Acetone 


20.0 


IiUpCLUOl 11 


0.67 


Acetone 


10- o 



The procedure usetl in t3ie preparation °^ the 
aispersanx a was repeated, except that the above 
portion* lb to 5b were used- Thne r 270 g of a 44.04 
polymer solution (dispersant 0) was prepared. 

Digpereant «y« t-bntyletyreno/Rtynronc/mothacrvlio 
acid (27/18//55 wtfrl random cuimlvnmi. 

The following ingredients were provided, and a 
dispersant v was prepared as follows. 



□ 



Portion 1c : 



Portion 2c: 



Portion 3c: 



Portion 4c i 



Portion 5c i 



Ingredients 
t-Butylctyrcno 
styrene 

MeUi*vj-yllc auid 

2-Pyrrolidone 

isopropanol 

Lupersol 11 
Acetone 

t-Butyl styrene 
Styrene 

Meth&crylic acid 

Lupersol 11 
Acetone 

Lupersol 11 
Aootone 



Weight, q 

4-0 

5.2 

8.8 
40.0 
90. Q 



0.67 
10.0 

21.0 
16.8 
46.2 

2.67 
20-0 

0.67 
10-0 
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Thft procedure used in the preparation of the 
dispersant a was repeated, except that the above 
portions le to 5c were used- Thus, 205 g of a 43% 
polymer solution (uispersant y) was prepared. 

5 Preparation of ink cojapoaitiana 

The dispersants a to y thus obtained were used to 
prepare the following ink compositions, CI to CS. 
Ink composition CI 

C.I. Pigment Yellow 74 (100 g) as a yellow pigment, 

10 150 g of the dispersant ct, € g of potassium hydroyidft, 
and 250 g of water were mixed together. The mixtur© wae 
dispersed in a ball mill using fcirconla beads for 10 hr. 
The stock dispersion thus obtained was filtered through 
a membrane filter with a pore diameter of about 8 \*m 

lb (manufactured by Nihon Millipore, Ltd.) to remove coarse 
particles. The filtrate was diluted with water to bring 
the concentration of the pigment to 10* by weight. Thus, 
a yellow pigment dispersion Cl was prepared. 

aue yellow pigment dispersion ci (30 g), 15 g of 

20 glycerin, 10 g of 1 ,2-pentaxiediol, and 1 g of Olfine E 
1010 were mixed together, ultrapure water was added to 
the mixture to bring the total amount of the mixture to 
100 Thus, a mixfid solution was prepared* The mixed 

solution was then adjusted to pll 9.5 by the addition of 

25 txiethanolamine as a pH adjustor. The mixfid solution was 
stirred for 2 he, and was then filtered through a 
membrane filter with a pore diameter of about 1.2 fim 
(manufactured by Nihon Millipore, l»Ld.). Thus, an ink 
composition Cl was prepared. 

30 Ink composition CX 

C.I. Pigment Blue 15 ; 3 (100 g) as a cyan pigment, 
100 g of the dlspersant a r 4.5 g of potassium hydroxide, 
and 250 q of water were uuLx.ed together. The mixture was 
dispersed in a b«ll mill using 2lrconla beads tor 10 nr. 
33 The stock dispersion tbus obtained was filtered through 
a membrane filter with a pore diameter of about 0 pm 
(manufactured by Nihun Millipore, Ltd.) to remove coarse 
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particles. The filtrate was diluted with water to bring 
the concentration of the pigment to 10% by weight. Thus, 
a cyan pigment dispersion C2 was prepared. 

The cyan pigment dispersion C2 (30 g) , 10 g of 
5 glyctrrin, 5 g of diethyl er»e glycol, I g of 1,2- 
heacanediol, and 1 g of Olfine STG were mixed together. 
Ultrapure water was added to the mixture to bring the 
total amount of the mixture to 100 g* Thus, a mixed 
solution was prepared. The mixed solution was then 
10 adjusted to pH 9.5 by the addition of triethanolamine as 
a pH adjuetor. This mixed solution was stirred for 2 hr, 
and was then filtered through a membrane filter with a 

M pore diameter of about 1.2 urn (manufactured by Sihon 

P Millipore, Ltd.), Thus, an ink composition C2 was 

p 15 prepared. 

O TnV rompOfii-Mfm 

j=J C.I, Pigment Blue 15 : 3 (100 g) as a cyan pigment, 

12 100 g of the diepcrcant <x, 4.5 g of potassium hydroxide, 

* and 250 g ol waten were mixed toyeLher. The mixture was 

|;J 20 dispersed in a ball mill using zirconia beads for 10 hr. 

f*t Xhe stock dispersion thus obtained was filtered through 

SSB? 

-J a membrane filter with a pore diameter of about 8 um 

p (manufactured by Wihon Millipore, Ltd.) to remove coarse 

particles. The filtrate was diluted with water to bring 
25 the concentration of the pigment to 10% by weight. Thus, 
a cyan pigment dispersion C3 was prepared. 

The cyan pigment dispersion C3 (HO g) , 10 g at 
glycerin, 5 g of diebnylene glycol, 6 g of 1,2- 
hexanediol, and 1 g of Olfine "R 1.010 watr mix^d tng«t-.hfir- 
30 Ultrapure water was added to the mixture to briny the 
total amount of the mixture to 100 g- Thus, a mixed 
solution was prepared. The mixed solution was then 
adjusted to pll 9.5 by the addition of triethanolamine as 
a pa ad^ustor. This mixed solution was stirred ror 2 nr, 
35 and was then filtered through a membrane filter with, a 
pore diameter of about 1*2 |un (manufactured by Nihon 
Millipore, Ltd.). Thus, an ink composition C3 was 
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prepared. 

Ink composition „M 

C.I „ Pigment Yellow 128 (100 g) as a yellow pigment, 
isu g of rhe dispersant p, 6 g of potassium hydroxide, 
5 and 250 g of water were mixed together. The mixture was 
dispersed in a ball mill using zirconia beads for 10 hr. 
The stock dispersion thus obtained was filtered through 
a membrane filter with a pore diameter of about 8 urn 
(manufactured by Nihon Milliporc, Ltd.) to remove coarse 
10 particles. Tha filtrate was diluted with water to bring 
Llie concentration of the pigment to 10% by weight. Thus, 
a yellow pigment die pars ion C4 was prepared. 

The yellow pigment dispersion C4 (30 g) , 15 g of 
glycerin, 3 g of 1,2-hexanediol, and 1 g of Olfine E 
15 1010 were mixed together, uirxapure water was added lo 
the mixture to bring the total amount of the mixture to 
100 g. Thus, a mixed solution was prepared. The mixed 
solution wao then adjusted to pH 9.5 by the addition of 
triethanolaraine as a pH adjuster. The mixed solution was 
20 stirred for 2 hr, and was then filtered through a 
membrane filter with a pore diameter of about U2 nm 
(manufactured by Uihon Millipore, Ltd. ) * Thus, an ink 
compos it inn c.A was prepared. 
In 1c compos it ioti G5 
25 CI. Pigment Red 122 (100 g) as a pigment, 150 g ot 

the dispersant 6 g of potassium hydroxide, and 250 g 
of water were mixed together. The mixture was dispersed 
in a ball mill using zirconia beads for 10 hr. The stock 
dispersion thus obtained was filtered through a membrane 
30 filter with a pore diameter of about 8 jim (mannf actured 
by Ninon Millipore, Ltd.) to rcmovo coarse particles. 
The filtrate was diluted with water to bring the 
concentration of the pigment to 10% by weight. Thus, a 
magenta pigment dispersion r.«5 was prepared. 
35 The maqenta piqment dispersion C5 (30 g), 15 g of 

glycerin, 0.5 g of 1, 2-heptanadiol, and 1 g of Olfine E 
1010 were mixed together. Ultrapure waLex was added to 
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the mixture to bring the total amount of the mixture to 
100 g. Thus, a mixed solution was prepared. The mixed 
solution was tixen adjusted Lu pfl 9.5 by the addition of 
triethanolcuaine as a pn adjuetor- The mixed solution was 
stirred for 2 hr r and was then filtered through a 
membran* filter with a puxe diameter of about 1-2 ym 
(manufactured by Nihon Killipore, Ltd.)* Thus, an ink 
composition C5 was prepared. 
TnkL composition C6 

A yellow pigment dispersion CG was prepared in the 
same manner as need in the preparation of the ink 
composition C4, 

The yellow pigment dispersion C6 (30 g) # l!> g of 



□ glycerin/ 3 g of l,2-hexaned1ol, 0.5 g of Olfine E 1010 r 

£3 15 and 0\6 g of Olfiue STG were mixed together. Ultrapnre 
p water was addod to the mixture to bring the total amount 

Ti 4 of the mixture to 100 y. Thus, a mixed solution was 

• !a * prepared. The mixed solution was then adjusted to pH 9-5 

j*i fcy the addition of triethanol amine ae a pH adjustor. The 

1U 20 mixed solution was stirred for 2 hr, and was then 
}3 filtered through a membrane rilter with a pore diameter 

yi of about 1.2 mu (manufactured by Nihon Millipore, Ltd.)* 

Thus, an ink composition C6 was prepared- 

Ink Composition C7 (coiaparatrwp gyramplg) 
25 A yellow pigment dispersion C7 was prepared in the 

same manner as used in the preparation ot the ink 
composition cl, except that the dispersant y was used as 
the dispersant instead of the dispersant cu 

The yollow pigment dispersion CY (30 g), 15 g of 
30 glycerin, and 1 g of Olfine E 1010 were mixed together, 
Ultrapure water wae added to the mixture to bring the 
total amount of the mixture to 100 g. Thus, a mixed 
solution was prepared. The mixed solution was then 
adjusted to pH $>.:> by the addition of triethanolamino as 
35 a pH adjustor* The mixed solution was stirred for 2 hr, 
and was then filtered through a membrane filter with a 
pore diameter of about 1.2 urn (manufactured by Nihon 
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Millipore, Ltd.). Thus, an ink composition C7 was 
prepared* 

Tnfc composition C9 (/romparfltivp examalEi 
A yfiilow pigment: dispersion CB wao prepared in the 
5 same manner as used in the preparation of the ink 
composition CM, except that, the dispersant y was used as 
the dispersant instead of the? dispersant a, 

•Uho yellow pigment dispersion C8 (30 q), 15 g of 
glycerin, and 1 g ol Olfine E 1010 were mixed together. 
10 Ultrapure water was added to the mixture to bring the 
total amount or the mixture to 100 g. Thus, a mixed 
solution was prepared. The mixed solution was then 
It adjusted to pH 9,5 by the addition of tricthanolamine as 

q a pH adiustor. 0?hc mixed solution was stirred £or 2 hr r 

£3 15 and then filtered through a membrane filter with a 

P pore diameter of about 1-2 )im (manufactured by Ninon 

3 Millipore, Wd.). Thus, an lnfc composition CB wao 

P prepared. 

j 5 , ' gvalnalr inn -Hag*- ry 

20 Evaluation test CI i Ejection ot ability 

£3 F&r each of the ink compositions CI Lo C8, a 

patt-.ern having a combination of graphics and texts was 
jil continuously printed by means of a piezoelectric on- 

demand in* jet printer MJ-930C manufactured by Seiko 
25 Epson Corporation. In this case, the number of prints 
produced , until an inX. droplets trajectory 
directionality problem occurred, was counted- The 
results were evaluated accordinq to the following 
criLexia- 

30 A plain paper Xernv-P manufactured by Fuji Xerox 

Co., Ltd. was used as a printing paper in the teet. 

AAt An average number nt prints produced in 
continuous printing of not lesa than 300 

At An average number of prints produced in 
35 continuous printing of not less than 100 and less than 
300 

B; An average number of prints produced in 
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continuous printing of not less than 50 and less than 
100 

Ci An averaae number of prints produced in 
continuous printing of lees than 50 

5 Evaluation tPsr C? } ^fnveiy from do??in ? 

Bach of the ink compositions C3 to C8 was filled 
into the head of the printer MJ-930C, and ejection of 
ink through all nozzles was confirmed* The printer was 
then allowed to stand without capping in an environment 

10 of 2S Q C for one year. After the standing, cleaning 
operation was? carried out until all the nozzles could 
normally eject the ink. The number of cleaning 
operations necessary for return to normal ejection of 
ink through all the nozzles was evaluated according to 
15 the following criteria. 

Ar Two or Iass cleaning operations* 
Bs Three or four cleaning operations 
Ct Five or mnrft cleaning operations 
Evaluation C3i raa.t. drying proporty 
20 For each of the ink compositions Cl to C8, a print 

pattern of 100$ duty was printed by means of the same 
printer as used above. ATtier the printing/ the time 
required for the printed ink no longer to be transferred 
onto the hand, when tb«* hand is touched to the printed 
25 facft, was measured* The results were evaluated according 
to the following criteria. 

A plain paper Xerox-P manufactured by Fuji Xerox 
Co., Ltd* was used as a printing paper in the test. 
As r.©e« than 30 sec 
30 Br Not less than 30 see and leee than 1 min 

Ci Hot less than 1 min. 

The results were as summarized in Table 2. 
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